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Psychology in Teaching 
Mathematics 

Marlow Ediger 
Piofessor of Education 
Route 2, Box 38 
Kirksville 

Missouri 63501 (USA) 



athemaUcs teachers need to 
study diverse psychologies of 
learning so that individual 
learners may be guided to attain as op¬ 
timally as possible. With a thorough 



knowledge of the psychology.of learning, 
teachers may do a better job ol teaching 
mathematics to pupils of all ability lev¬ 
els Individual differences among the 
learners must be provided for in order 
that each pupil may learn as. much 
mathematics as possible' A quality 
mathematics teacher emphasizes objec¬ 
tives, learning opportunities, and ap¬ 
praisal procedures that assist pupils in¬ 
dividually to perceive meaning in the 
mathematics curriculum 

Meaning Theory in Teaching 
Mathematics 

Mathematics teachers need to be certain 
that each pupil attaches meaning to 
facts, concepts, and generalizations ac¬ 
quired m the curriculum With meaning¬ 
ful subject matter, pupils may under¬ 
stand that which was taught Under¬ 
standing content presented in mathe¬ 
matics assists the pupil to clarify infor¬ 
mation Clarity of understanding stress 
that pupils comprehend subject matter 
presented In deductive teaching, the 
teacher explains each fact, concept, and 
generalization so that meaningful learn¬ 
ing may accrue When induction as a 
method of instmction is used, the math¬ 
ematics teacher asks numerous ques¬ 
tions of pupils to receive feedback if they 
understand what was taught 1 believe 
that teachers must spend adequate time 
m guiding pupils to perceive meaning, 
deductively and inductively, through the 
use of concrete, semiconcrete, and ab¬ 
stract materials of instruction in terms 
of content taught. j 

Directly related to pupils’ attaching 
meaning to ongoing content presented, 
the learner must be able to use subject 
matter acquired. If the subject matter 
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acquired is used, the chances are it will 
be retained better than if it were not 
used The teacher should assist pupils 
to apply facts, concepts, and generaliza¬ 
tions acquired. Thus information can be 
used in solving word problems from the 
basal textbook used in the classroom 
Pupils may also use previously acquired 
content when solving life-like problems 
in mathematics The teacher might write 
problems and photocopy them for the 
leainers to respond to. These problems 
are directly related to what has been 
taught in ongoing lessons and units m 
mathematics Learners too may write 
problems and exchange papers with oth¬ 
ers to solve each problem so that appli¬ 
cation can be made of what has been 
learned previously Discussions led by 
, the teacher can also get pupils whole¬ 
heartedly involved in making use of the 
subject matter learned 

The mathematics teacher needs to 
guide the learners to engage in higher 
levels of cognition when using meaning¬ 
ful materials lor the leainers Thus pu¬ 
pils need to have opportunities to engage 
m rntical thinking. In separating the 
relevant from the irrelevant in working 
to secure answers to a word problem in 
mathematics involves critical thought. A 
separation then ot what is salient as 
compared to that which is not impor¬ 
tant is necessary in critical thinking. 
That which is significant is then used to 
obtain an answer to a word problem con¬ 
tained in the basal or written by the 
teacher or a learner Life m society de¬ 
mands that pupils become proficient 
now and m the future as an adult in the 
area of critical thought Separating real¬ 
ity Irom fantasy and the real from that 
which is imaginary are necessary ingre¬ 


dients in critical thinking 

Novel solutions are needed to solve 
numerous problems Creative thinking 
then needs adequate emphasis in the 
mathematics curriculum. For example, 
to solve a word problem, several algo¬ 
rithms may be used to arrive at an an¬ 
swer Each algorithm might well provide 
the correct answer. The learners should 
become familiar with diversity involved 
here so that the algorithm that works 
best for the pupils may be used Unique 
solutions to word problems should as¬ 
sist pupils to explore different options to 
each problem in the societal arena. 
Hopefully, this transfer from the math¬ 
ematics curriculum to the real world of 
society will be in evidence. In society, 
.individuals meet up with‘unique situa¬ 
tions in which solutions are needed that 
are different from any solution used in 
the past. 

Life-like problems actually faced by 
ihe learners in mathematics, need ad¬ 
equate emphasis in the curriculum. 
These problems involve buying and sell¬ 
ing itepis, how to stay within one's own 
budget, as well as an increased use of 
mathematics in society emphasize prob¬ 
lem solving involving reality. A creative 
-mind may be necessaiy presently for the 
pupil as well as in the future to solve 
these problems involving mathematics. 
Creative thinking must be a definite goal 
m the mathematics curriculum. Critical 
thought IS also necessary for pupils in 
solving life-like problems in mathema¬ 
tics. Comparing solutions in answer to a 
. problem certainly stresses critical 
though! Further situations involving 
critical thought emphasizes analyzing a 
problem in mathematics to study com¬ 
ponent parts After comparing and ana- 
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lyzmg possible solutions in dealing with 
problems m mathematics in the r-eal 
world, a synthesis is needed To synthe¬ 
size, creative thinking again is In evi¬ 
dence Synthesizing emphasizes secur¬ 
ing wholeness in coming up wilh a so¬ 
lution to a problem area. Steps inherent 
in solving life-like problems, (or word 
problems) in mathematics include the 
following ' 

1 Defining the problem whereby clar¬ 
ity IS in evidence 

2 Gathering information in arriving at 
a tentative solution 

3 Developing a hypothesis based on 
the acquired information 

4 Testing the hypothesis in step three 
above 

!5 Revising the hypothesis, if needed 
In addition to pupils attaching 
meaning to what has been learned, ap¬ 
plying that which has been learned, and 
engaging in higher levels of cognition, 
pupils also need to perceive purpose in 
learning in ongoing lessons and units of 
study in mathematics There are se¬ 
lected approaches which can be used by 
the mathematics teacher to guide pupils 
to perceive purpose for achieving A de¬ 
ductive procedure might be used. With 
deduction, the mathematics teacher ex¬ 
plains to the learners why the subject 
matter to be studied is relevant I believe 
that the small amount of time needed to 
explain to the learners why the subject 
matter to be acquired is salient, is time 
well spent in teaching and learning situ¬ 
ations Instead of a deductive approach 
in guiding pupils to perceive purpose or 
reasons for learning, there are teachers 
who prefer an inductive approach. Here, 
the mathematics teacher asks questions , 
of pupils as to why they believe the con- ’ 


s 

tent to be studied is relevant to learn 
Inductive procedures are more time con¬ 
suming as compared to deduction since 
responses must come from the learners 
when determining the relevance in 
studying vital facts, concepts, and gen¬ 
eralizations in mathematics 

A third approach in guiding pupils to 
perceive purpose in learning is to use ex¬ 
trinsic rewards Here, the mathematics 
teachers needs to announce pnor to in¬ 
struction what pupils are to learn as well 
as the reward that will accrue to the 
learners if they achieve this goal Re¬ 
wards to be given might be inexpensive 
pnzes, token to be exchanged forpnzes, 
time given for a self-selected activity, or 
extra recess time The reward must mo¬ 
tivate pupils to achieve more optimally 
in mathematics It is given to pupils only 
if they have attained a goal announced 
by the teacher prior to lesson presenta¬ 
tion. The amount of learning that must 
be acquired before the pupil secures the 
reward is determined by the teacher. The 
working for the reward is a motivator for 
the learner Receiving the reward for goal 
attainment is a reinforcer to encourage 
similar future behaviour. 

Interest is a powerful factor in learn¬ 
ing. The mathematics teacher needs to 
obtain the attention of all the learners 
during teaching-leaning situations To 
demand attention of pupils does not 
capture learner interest in mathematics 
Rather, the teacher needs to use a vari¬ 
ety of materials in teaching mathemat¬ 
ics to obtain intrinsic interest of the 
learners These activities include life-like 
problems which need solution, textbook 
amd workbook assignments, films, slide, 
video tapes, video disks, illustrations, 
leaching aids’ technology, integrated 




□ 

leai-ning systems, teaching units, as well . 
as resource units of study in mat hemal-; 
ICS In using a variety of learning activi-; 
ties, the mathematics teacher has a bet-; 
ter chance in securing learner interest: 
as compared to a single type of material j 
The tone of the teacher’s voice must have 1 
appropriate voice inllection, pitch and • 
juncture A monotonous tone of voice ; 
will not tend to obtain learner interest • 
and attention Quality eye contact with . 
pupils should aid in obtaining pupil 1 
attention and promote learning in math- 1 
ematics Interest of pupils in ongoing • 
lessons and units of study develops ef-; 
fort for achieving. ; 

Theories of Learning in 
Mathematics 

Selected theories ol learning in educa- • 
tional psychology used by the teacher; 
should assist pupils to attain at a more; 
optimal level. Operant conditioning, as ’. 
developed by B.F Skinner (1904-1988), ‘ 
has done much as a theoiy of learning 
to guide learner progress Dr Skinner • 
stressed the used of programmed learn- • 
ing in emphasizing behaviorism as a; 
psychology of learning. Here, a qualilicd : 
programmer would determine what pu- ’ 
pils are to learn in any unit of study in- 
mathematics The body of knowledge • 
within the unit is broken down into com¬ 
ponent parts The steps of attainment ; 
are veiy small when working on a; 
programme in mathematics, be it in text-' 
book or in software form The pupil, ’ 
here generally reads a sentence or two. ’ 
depending on the maturity level of the; 
involved learner He/she then views a; 
related illustration, responds to a test 
item, and checks the response. If correct: i 
the pupil is rewarded. If inconecl,. the 1 
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pupil now knows the correct answer and 
is also ready for the next sequential pro¬ 
grammed item The programme has been 
tried out previously in pilot studies with 
needed modifications made The content 
to follow in each programme moves from 
the simple to the increasingly more com¬ 
plex. The same procedure, or a slight 
modification, may follow in each step of 
learning such as 'read a sentence or 
more’, view an illustration, ’respond to 
a test item’ Answers given by the learner 
are either correct or incorrect By being 
correct approximately 90 per cent of the 
time in responding, the pupil can make 
continuous progress with increasingly 
complex items in programmed learning, 
A positive self concept could be an end- 
result lor pupils if they respond with an 
approximate 90 per cent correct in terms 
of accuracy Tutorial programmes using 
computers tend to stress!tenets of pro¬ 
grammed instruction Simulation in 
computer use may also stress pro¬ 
grammed learning, providing it is not too 
open-ended in its subject matter presen¬ 
tation B F Skinner believed strongly in 
answers being either right or wrong 
when the learners make responses. 
Shankaranarayana wrote . 

For Skinner (1969), "teaching is an 
arrangement of contingencies of rein¬ 
forcement which expedite learning". 
Skinner believes that promotion of 
learning is possible by giving attention 
to the following factors the behaviour 
that IS lo be learned, the rein forcers that 
may be used and the scheduling of re¬ 
in forcers 

Skinner recommends the use of pro¬ 
grammed instruction which provides for 
individual dillerences by allowing stu¬ 
dents lo achieve at their own rate ol 







PSYCHOLOGY IN 
TEACHING MATHEMA'l'ICS 


speed In terms of Skinner' operanL be- 
havionsm, "a programme can be seen as 
an arrangement of matenal that will lead 
students to emit correct responses and 
will zvlso provide reinforcement for that 
response The essential elements of 
programmed instruction are ■ (1) an or¬ 
dered sequence of stimuli, (2) specific 
student response, (3) immediate knowl¬ 
edge of results, (4) small steps, (5) mini¬ 
mum errors, (6) gradual shaping of ter¬ 
minal behaviour and (7) self pacing 
B F Skinner has a well known and 
popular name in education. His experi¬ 
ments in teaching and education have 
indeed been numerous, Morris and Pai 
(1976) wrote the following 

As Skinner has pointed out several 
times, the most important task on the 
teacher is to arrange conditions under 
which desired learning can occur. Con¬ 
sidering the fact that teachers are to 
bnng about changes in extremely com¬ 
plex behaviour, they should be special¬ 
ists in human behaviour. Effective and 
efficient manipulation of the multitude 
of variable affecting children's intellec¬ 
tual and social behaviors cannot be ac¬ 
complished by trial and error alone, nor 
should such work be based solely on the 
personal experiences of the teacher, 
since this covers only a limited range of 
circumstances Consequently, a scien¬ 
tific study of human behaviour is vital in 
the improvement of teaching, because it 
provides us with accurate and reliable 
knowledge about learning and leads to 
the development of new instructional 
materials, methods, and techniques 
Similarly, an empirical analysis of the 
teaching process is essential, for it clan- 
fies the teacher's responsibility through 
a series ol small and progressive ap¬ 



proximations, This approach makes 
teaching practices more specific, thereby 
facilitating a more effective evaluation. 

James Popham and Behaviourism 

James Popham Irom the University of 
California is a strong advocate of 
behaviourism Dr. Popham (1970) (see 
bibliography entries) developed a senes 
of filmstrips and related cassette tapes 
proposing behaviourism as a needed 
central theme of leaching and learning 
Behaviounsts believe strongly in the use 
of measurably stated objectives m leach¬ 
ing pupils These precise objectives are 
written prior to teaching learners Ide¬ 
ally, there is no leeway in determining 
what will be taught when viewing the 
written statement of objectives The 
teacher then is certain as to what will be 
taught He/she may announce to pupils 
that which will be taught before teach¬ 
ing and learning. Pupils then know what 
is required of them in terms of subject, 
matter to be acquired Learners need not 
out-guess the teacher to realize wKat is 
expected as to the precise obiectives to 
be achieved 

According to Popham, the learning 
opportunities chosen by the teacher 
must contain only that which is m the 
stated objective(s). no more and no less 
Evaluation of pupil attainment in math¬ 
ematics needs to be done m terms of the 
ineasuiably stated objectives. Thus a 
very close alignment indeed is in the off¬ 
ing among the objectives, the learning 
opportunities, and the evaluation proce¬ 
dures Validity a measurement term, is 
in evidence if the ei'aluation techniques 
harmonize with Ihe stated objeclii'cs in 
mathematics 

James Popham with his stress 






placed upon behaviourism as a psycho- • 
logy of instrucUon in teaching math- • 
emaUcs advocates the following ; 

1 Vague hazy objectives need to be . 

eliminated or rewritten so that a! 
sharp focus exists in terms of what i 
will be taught ; 

2 Learning opportunities must be veiy • 

carefully chosen since each needs to ; 
guide pupils to attain that which is ; 
in the stated objective 1 

3 Evaluation procedures should as- . 
certain if each pupil has attmned the • 
precise objectives 

4, A different teaching strategy needs to • 
be used if a learner did not achieve. 
an objective 1 

5 Sequence of objectives is arranged ! 
by the mathematics teacher • 

Dr. Popham places extremely strong ; 
emphasis upon choosing precise, mea- . 
surable stated objectives for instruction ; 
He places little stress upon choosing 
learning opportunities, except that they . 
should match up very precisely with the • 
stated objectives. Evaluation is done 
strictly in terms of whal is mentioned • 
specifically in each obiecLive for pupil • 
attainment 

j Robert Gagne ’ and Task Analysis of 
Objectives 

Robert Gagne (1984) is a leading psy¬ 
chologist m education who recom¬ 
mends a behaviounstic approach in 
teaching' however his thinking is more 
open-ended as compared to Drs Skin¬ 
ner and Popham, Gagne's eight sequen¬ 
tial steps of hierarchical learning for 
I pupils may be of considerable help to 
' teachers in planning the mathematics 
curriculum. The right steps of sequen¬ 
tial learning for pupils are the following' 
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signal learning, stimulus-response, 
chaining, verbal association learning, 
multiple discrimination, concept learn¬ 
ing rule learning, and problem solving 
as being the most complex form of 
achievement Gagne' was a former math¬ 
ematics instructor and found task 
analysis as being a vei-y appropriate way 
ol determining sequence for pupils I will 
comment on a few of the levels 1 believe 
to be especially relevant in teaching- 
Stimulus-response psychology is very 
relevant for mathematics teachers to 
consider For example, once pupils at¬ 
tach meaning through the use of ma¬ 
nipulative materials thai 7-1-6 and 6-f7 = 
13. this addition fact may be commit¬ 
ted to memory Thus on a flash card or 
computer programme the stimulus is 
7-1-6 or 6'i-7 = . ..If correct, pupils should 
respond with the answer being 13 Drill 
and practice should not be used prior to 
meaningful learning by pupils But, once 
meaning is there, pupils may need to 
associate the stimulus and the response 
in a somewhat rote manner Gagne's 
step of chaining might involve pupils 
using a series of concrete and 
semiconcrete materials to indicate and 
show that 7+B and 6-1-7 =13 Which ma¬ 
terials might these be 7 Sticks, corn and 
bean seeds, paper squares, and buttons, 
among other items, may be used by the 
learner in sequence to show a set of 
seven and a set of six and by joining the 
two sets together obtain a set of thirteen 
markers The commutative property may 
also be shown by a learner. Changing is 
involved in that the pupil used diverse 
materials to show the value of two ad¬ 
dends. Multiple discrimination, in the 
Gagne' hierarchy of objectives stresses 
pupils noticing differences and like- 
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nesses in ongoing lessons and units of 
study Analysis is involved here -in that 
pupils separate the relevant from the ir¬ 
relevant such as in seeking solutions to 
stoiy or word problems. To do so indi¬ 
cated the need to make separations 
from what is needed to what is unnec¬ 
essary, I believe the last three terms 
used by Gagne' are veiy significant in 
planning the mathematics cuiTiculum 
Thus concept learning is very relevant. 
It takes a variety of learning opportuni¬ 
ties using different materials of instruc¬ 
tion for pupils to understand concepts 
such as addition, subtraction, multipli¬ 
cation, division, inverse operation, ra¬ 
dius, radius squared, radius cubed, and 
exponents Understanding concepts are 
needed on the pupil's part in order that 
sequential achievement is possible in 
mathematics 

Gagne's principle or rule learning in¬ 
dicates that learners relate concepts so 
they become usable A rule or principle 
such as "to find the area of a circle, 
square the radius and multiply by the 
value ol pi" is necessary in a specific 
situation, otherwise pupils could not 
ascertain the area of a circle The last 
idea in Gagne’s hierarchy is problem 
solving Thus principles or rules are 
needed to understand how to solve the 
problem of determining the area of a 
square, triangle or parallelogram 

A strong point in Gagne’s hierarchy 
of objectives is that the teacher needs to 
go back a step or level if a pupil does not 
understand what is to be done For ex¬ 
ample, if a pupil cannot solve a problem, 
perhaps he/she does not attach mean¬ 
ing to the involved mle or principle. If the 
rule or principle is a stumbling block to 
the pupil’s progress, he/she may need to 


go back to learning the meaning of the 
inherent concepts within the mle or pnn- 
ciple 

Jerome Bruner and the Structure of 
Knowledge in Mathematics 

Jerome Bruner, professor Irom the 
Harvard University, advocated a struc¬ 
ture of knowledge approach in teaching 
mathematics. The structural ideas in 
mathematics would be identified by pro¬ 
fessional mathematicians in their aca¬ 
demic area of speciality These profes¬ 
sional mathematicians then choose key 
or mam ideas for pupil attainment The 
structural ideas may be used again and 
again by the learners as they proceed to 
more complex learnings on sequential 
grade levels. In mathematics then pupils 
may attain the following in increased lev¬ 
els of complexity 

1 Commutative and associative prop¬ 
erties of addition and multiplication 

2 Distributive property of multiplica¬ 
tion over addition 

3 Property of closure 

4 Subtraction as the inverse operation 
of addition 

5. Division as the inverse operation of 
multiplication 

The above examples of structural 
ideas can be' emphasized on sequential 
grade levels at increasing levels of com¬ 
plexity For example first grade pupils 
may learn that 4-f3 = 7 and 3+4 = 7; this 
stresses the commutative properly of 
addition. At a higher grade level, fifth 
grade pupils may learn meaningfully 
that 18 996+ 38.649 = 38 469+ 18.996, 
Jerome Bruner stressed the use of 
three kinds of materials in teaching 
mathematics to pupils. In sequence, 
these would be enactive, iconic, and 
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symbolic EnacLive materials emphasize 
the use of concrete materials and other 
ob)ects for learner manipulation in a 
hands-on-approach in learning Second, 
pupils learns through the use of iconic 
materials which include pictures, illus¬ 
trations, video tapes, video discs, slides, 
filmstrips, and other audio-visual aids 
Third, Bruner stresses the use of sym¬ 
bolic materials, such as printed content 
in textbook, library books, arid other ab¬ 
stract content This sequence in pupil 
learning then emphasizes the,teacher 
using concrete, semiconcrete, and ab¬ 
stract materials in teaching 
Jerome Bruner advocates the use of in¬ 
ductive methods of instruction in which 
pupils discover structural or major aca¬ 
demic ideas of a discipline To empha-' 
size Bruner's approach in teaching, the 
teacher should attend to the following • 

1 The teacher needs to have an excel¬ 
lent knowledge of the structure of 
knowledge smeq these key ideas become 
objectives for learner attainment. 

2 To achieve objectives on the pupils’ 
pait, the teacher needs to sequence 
learning opportunities in that individu¬ 
als experience the enactive, the iconic, 
and the symbolic in that order 

3. The teacher must appraise pupils to 
ascertain how many of structural 
knowledge objectives are being attained 
by pupils in a spiral curriculum With a 
spiral curriculum, pupils meet up again 
in increasing levels of complexity the 
structural ideas which serve as objec¬ 
tives of instruction 

4 The teacher needs to become a qual¬ 
ity asker of questions involving the on¬ 
going mathematics lesson so that pupils 
can truly learn in an inductive manner 
Inductive teaching then assists pupils to 


achieve the structural ideas. 

5 Inductive teaching in mathematics 
must be used together with the enactive, 
iconic, and symbolic materials of in¬ 
struction 

Jean Piaget and Development 
Psychology in Mathematics 

Jean Piaget studied pupils in clinical set¬ 
tings for over forty years in Switzerland, 
He identified different stages that pupils 
go through in the maturation process. 
The first stage called the Sensorimotor 
Stage occurs from birth to two years in 
the infant’s life. Here, parents need to 
have objects for the young child to ma¬ 
nipulate and experience in a friendly en¬ 
vironment. The child then experiences 
and perceives objects such as toys in the 
real environment,' He/she may touch, 
smell and see the objects Listening to 
sounds made by these objects is also 
salient in sensorimotor learning. 

The preoperational stage of develop¬ 
ment of the child roughly occurs from 
ages two to seven years Here, the young 
child perceives one variable largely. 
Thus the preoperational child when 
viewing two tumblers of the same brand 
name and size as having an equal 
amount of water in each, if this is the 
case- Now, in front of the child, one of the 
two tumblers of water is poured into a 
taller, thinner tumbler. The child is 
asked vvhich has more water inside the 
tumbler The preoperational pupil will 
answer the taller thinner tumbler does. 
The child perceives one variable in that 
one tumbler is taller than the other and 
therefore contains more water If two 
spheres of clay are held in front of the 
preoperational child and both are iden¬ 
tical in amount, the child will say neither 
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has more clay in it than the other But, • 
if the expcnmenter flattens one sphere in _ 
front of the child, he/she will say that the 
flattened clay has more in it than does 
the sphere of clay. Again, the preopera- 
tional child perceives one variable only 
and that being the flattened piece of clay 
is longer than the sphencal lump of clay 
Teachers of kindergarten and first grade 
pupils need to be aware that preopera- 
tional pupils lack maturation to notice 
that there is more than one variable to 
objects being observed Preoperational 
pupils are perceptionally oriented How 
something looks to the child is the cor¬ 
rect perception or view They tend to cen¬ 
tre on one variable such as the larger the 
area that one of two sets of marbles is 
placed in, even though both sets have an 
equal number of marbles, the larger the 
number of marbles of that set in the en¬ 
larged area. Thus If a set of six marbles 
is placed in a larger area, it will have 
more marbles than a set of six placed in 
a smaller region 

From ages seven through eleven. 
Piaget, in his research, found that these 
learners still needed concrete objects to 
learn from. Piaget called this the stage 
of concrete operations. Here, the learner 
has matured to emphasize reversibility 
Thus the pupil may notice that the or¬ 
der of addends can be changed and yet 
the sum stays the same Or the concrete 
operations pupil learns that there are 
number families such as 7 -l 5 = 12 and 
5+7 = 12, which can be undone through 
subtraction within that number family 
such as 12-5=7 and 12-7=5 Rever¬ 
sibility also indicates that one can go 
back to an earlier stage of working on a 
project or activity and come back to the 
original starting point One may go back 


□ 

(reversibility) to an earlier stage in unit 
teaching to further analyse what was 
done One can also reverse to the origi¬ 
nal stage prior to emphasizing 
reversibility Thus the concrete opera¬ 
tions .'development pupils may perceive 
several variables when reversibility is in 
evidence 

Additive composition is also a part of 
the learner’s stage of concrete opera¬ 
tions. With additive composition, the 
pupil in perceiving numerous variables, 
may define, for example, what the iden¬ 
tity elements are for addition and mul¬ 
tiplication. There ai'e numerous descrip¬ 
tions which can be given in the defini¬ 
tion indicating again the pupil’s ability 
to locus on several items at one time. All 
the deiinitions possible add up to a gum 
pertaining to the identify elements for 
addition and multiplication 

The principle ol associativity is also 
a part of the concept the stage of con¬ 
crete operations. With associativity, the 
pupil can add three or more numbers m 
any order. Or three or more factors may 
be multiplied in any order and the prod¬ 
uct is the same. Many tasks may also be 
taken up in any order and the results are 
the same or similar In all facets of the 
pupil being in the stage of concrete op¬ 
erations, the teacher still needs to refer 
to and use concrete matenals along with 
the abstract being emphasized 

At about twelve years of age, pupils 
enter the stage of formal operations. At 
the stage of formal operations, learners 
might be able to think abstractly in 
mathematics without reference to con¬ 
crete materials of instruction. Learners 
in all stages of development need to op¬ 
erate or focus on what is being learned 
for learning to really take place 
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There are numerous implications for 
teaching mathematics when using 
Piaget’s research in teaching learning 
situations, These include the following 

1 The teacher must study the matura- 
tional levels of pupils in order to 
know what and how to teach these 
learners. 

2 There can be much wasting to time 
in Leaching what the maturational 
level of the involved pupil is not 
ready for Then too, the teacher must 
teach what the maturational level of 
the pupil IS ready for in mathemat¬ 
ics. Otherwise Lime slips by without 
the learner attaining as much as 
possible 

3 Hastening the readiness of a pupil 
for learning mathematics does not 
work The maturational level will in¬ 
dicate what can/cannot be taught. 

4 There needs' to be an adequate 
amount of concrete materials avail¬ 
able for teaching since through the 
age of eleven, the stage of concrete 
operations is still in the offing. 

5 Securing attention for learning is 
salient since learners do not achieve 
unless they mentally operate upon 
the content being presented. 
According to Piaget and Irahelder 

(1969), there are definite factors that 
impinge upon pupils as they progress 
in intellectual development, These are 
biological maturation’ interaction with 
experiences in the natural environment; 
social activities; and homeostasis, a bal¬ 
ance between the self and experiences in 
the physical environment 

Biological maturation stresses pu¬ 
pils going through the stages of sen¬ 
sorimotor, preoperational, concrete op¬ 
erations, and formal thought. However. 


there are factors that influejiqe these 
stages of biological maturation. Ope fac¬ 
tor is pupils interacting with the natu¬ 
ral environment The richness of expe- 
nences here has much to do with learn¬ 
ers developing biologically Thus a 
stimulating environment in mathemat¬ 
ics definitely affects progression in bio¬ 
logical development. Working with oth¬ 
ers or being in groups that stress colle- 
giality and its influence on both biologi¬ 
cal and the affects of the natural environ¬ 
ment. Certainly, pupils learn much from 
each other pertaining to the world of 
mathematics. In supervising student 
teachers and cooperating teachers. I 
notice how pupils might affect each 
other very positively in ongoing lessons 
and units in mathematics For example, 
in one class it was difficult for a pupil to 
understand and attach meaning to why 
the divisor is inverted and multiplication 
IS stressed m the division of fractions. 
When this pupils and three others 
worked together in cooperative learning, 
one pupil made it veiy clear as to why the 
divisor is inverted and then multiplica¬ 
tion occurs in the division of frac 

tions. 

Homeostasis emphasizes feelings of 
satisfaction that a solution has been 
found to a problem. Thus there is bal¬ 
ance between the individual and his/her 
environment Equilibration has then 
occurred. In the'previous example, when 
a learner understood what is involved 
when fractions are divided with the 'in¬ 
vert the divisor and multiply’ rule, the 
pupil also has reached a state of homeo¬ 
stasis at that point Homeostasis may be 
followed again by a desire.to know a new 
fact, concept, and or generalization. A 
good teacher will guide pupils to reach a 
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state of disequilibnum so that an inward 
desire to learn is involved to seek new ’ 
information and subject matter 
' Piaget emphasizes that what is 
learned is grouped together in schemes. 
These schemes provide key ideas upon 
which future learning of the pupil is 
based .Schemes are also called struc¬ 
tural ideas Structural ideas or schemes 
are patterns of behaviour of the indi¬ 
vidual. The pupil who has been actively 
involved in learning that 6+4 = 10, may 
now use these learnings to achieve the 
new to be stressed such as 6+5 = .and 

5+6 =.New content might then fit into 

thelolder pre-existing stmetures In other 
words, previous content acquired in 
mathematics now sets the stage to learn 
more of higher decade addition. The in¬ 
volved process is called assimilation. 
There has to be accommodation so that 
the old and the new content might be 
blended 

Piaget (1971) continually empha¬ 
sizes active involvement of the learner in 
the mathematics curnculum when wnl- 
ing the following 

If we desire to form individuals ca¬ 
pable of inventive thought and of help¬ 
ing the society of tomorrow to achieve 
progress, then it is clear that an educa¬ 
tion which is an active discovery of re¬ 
ality is superior to one that consists 
merely in providing the young with 
readymade wills to will with and 
readymade truths to know with. 

John Dewey and Problem Solving in 
Utilitarian Situations 

John Dewey (1859-1952) advocated a 
utilitarian mathematics curriculum in 
liihich school and society would be re- 
f lated. Thus what is useful in society 


should provide the basis for the school ^ 
curriculum Thus in mathematics, pu¬ 
pils with teacher assistance identify a 
problem area The problem is significant 
to the learner He/she leels a definite 
need to find needed solutions The prob¬ 
lem then must be adequately delimited 
so that an answer can be found Data 
or informabon is acquired in answer to 
the identified problem. The answer is 
tentative and subject to change due to 
further testing of the results. John 
Dewey did not consider textbook prob¬ 
lems as being life-like and reality based 
Predetermined questions raised by the 
teacher and objectives written prior to 
instruction for pupils to attain do not | 
•stress problem solving. Rather within 
context in an ongoing unit of study pref¬ 
erably, the learner or a committee of 
pupils choose a problem m mathemat¬ 
ics which is vital to solve. This is a prac¬ 
tical problem to solve which emphasizes 
being useful and stresses application of 
content/skills acquired 

Problem solving then emphasizes 
the useful and the utilitarian in the 
pupil’s life in the school setting Math¬ 
ematics is a curriculum area that can 
truly emphasize that which is func¬ 
tional Thus situations such as the fol¬ 
lowing may stress a practical mathemat¬ 
ics curriculum with problem solving in¬ 
volved 

1. Measuring ingredients for a repre¬ 
sentative food dish of a foreign na¬ 
tion being studied in social studies 
2 Planning and preparing a holiday 
meal in school whereby each pupil 
brings a certain amount of a food 
item 

3. Averaging scores of the number of 
words spelled correctly by-a pupil 






from SIX sequential weeks of spelling 
test scores 

4. Developing a line graph from pupils 
individual birth dates in a calendar 
year. 

5 Operating a simulated supermarket 
in the classroom using real or toy 
money-T- 

The above are merely suggestions for 
a reality based mathematics curnculum. 
One needs to remember that John. 
Dewey advocated that problems come 
from pupils and not from an extrinsic 
source The teacher guides the learners 
in selecting and solving problems. John 
Dewey believed that pupils liked to Work 
on committees rather than individually 
in solving problems Learners, too, de¬ 
sired to find out on their own instead of 
being told how to locate an answer Pu¬ 
pils were to be active, not passive recipi¬ 
ents of knowledge Creative behaviour is ; 
preferred much more so as compared to 
conformity endeavours 

In summarizing John Dewey’s prob¬ 
lem solving approach in teaching pupils, 
the following are salient points : 

1. Activity centered approaches are 
emphasized in teaching in that pu¬ 
pils are the focal point of the curncu¬ 
lum. ' 

2 Mathematics stresses that pupils 
with teacher guidance select rel¬ 
evant lifelike problems which need 
solving 

3 A learning by doing, not passivity on 
the part of pupils, is a must for leaim- 
ing to accrue in mathematics 

4, Purpose and interest on the learner’s 
part make for learner effort and 
perserverance in solving problems 
I 5 The role of the teacher is to en- 
1 courage, help, and assist pupils in 
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attaining solutions to problems 

In Summary 

There are numerous psychplogists who 
may provide teachers with guidance in 
teaching mathematics B.F, Skinner ad¬ 
vocated a highly structured cumculurr 
in which pupils would make few errors 
when achieving objectives arranged in 
an ascending order of difficulty, The pro¬ 
grammer arranges the frames of learn¬ 
ing in mathematics by using a sequence 
of read, view an illustration, respond, 
and check order. A psychol'ogy of 
behaviourism is emphasized here Re¬ 
sponses are either correct or incorrect as 
given by pupils individually, 

James Popham believes in using 
measurement driven instruction (MDI) 
with the objectives stated behaviourally. 
The stated objectives leave no leeway for 
interpretabon The mathematics teacher 
then provides learning opportunities 
which contain only that which is in the 
stated objective Appraisal is done in 
terms of the stated objective to deter¬ 
mine if learners individually have been 
successful achievers, 

Robert Gagne’ emphasizes a hierar¬ 
chical arrangement of teacher written 
objectives whereby the learner attains 
each in ascending order of complexity. 
Should an objective in mathematics be 
too difficult to achieve, the teacher needs 
to assist pupils individu^ly to go back 
to a previous goal so that background 
information may have been attained. 
Then, the pupil should be ready sequen¬ 
tially to achieve the original objective, I 
will review the last three objectives 
Gagne' stressed in curriculum develop¬ 
ment These are in sequence" concept 
development, attaining generalizations, 
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and solving a problem, by the learner 
The mathematics teacher writes the ob¬ 
jectives for pupil achievement. Dr 
Gagne', a former mathematics teacher, 
found that the teacher needed to go back 
lo an earlier level of achievement if a 
pupil could not attain the preset objec¬ 
tive being stressed in the curriculum 
Thus if a learner did not understanding 
how to solve a mathematics problem, 
he/she might need to go back Lo study¬ 
ing the related generalization that is in¬ 
herent in the problem Should the 
learner not understand the generaliza¬ 
tion, he/she may need to study the re¬ 
lated concept(s]. Once the conceptfs) are 
understood, the pupil is ready to be 
taught the related generalization. If the 
generalization is meaningful, the in¬ 
volved pupil might then be ready Lo solve 
the problem, Robert Gagne' emphasized 
going back to an earlier level ol lichicve- 
ment if the pupil did not attach mean¬ 
ing to what IS presently being taught Se¬ 
quence in learning mathematics is vciy 
important to Robert Gagne’. All good 
teachers of mathematics prize highly if 
content, skills, and attitudes are learned 
sequentially by learners This may mean 
reversing to an earlier level of attainment 
if a pupil does not understand or com¬ 
prehend that which is being taught 
presently. The sequence may also jier- 
tain to a learner being taught more com¬ 
plex subject matter in mathematics if 
presently the objectives have been 
achieved. 

Robert Gagne’ advocated a hierarchy 
of objectives for pupils lo altain in math¬ 
ematics which meet the following stan¬ 
dards : 

1. The objectives are arranged so that 

each pupil may attain an appropri¬ 


ately ordered set of goals which move 
from the easier lo those increasingly 
more complex 

2 The teacher may place another ob¬ 
jective between two others if a pupil 
makes an error at that point. 

3 The problems to be solved tend to be 
more abstract than those advocated 
by John Dewey 

4. The objectives are determined prior 
to instruction, 

5 Quality sequence in mathematics 
makes for fewer learner errors when 
being engaged m a lesson or unit of 
study The teacher sequences or or- 
dera the objectives for leai'ner attain¬ 
ment. 

Jerome Bruner emphasized that pu¬ 
pils on any grade level attain structural 
ideas in mathematics Mathematicians 
al (he university level select and agree 
upon these ideas The structural ideas 
are available to teachers who teach pu¬ 
pils. InduoLively, pupils are Lo achieve 
these slrurtural ideas on an increasingly 
diflirull level as they progress through 
sequcnlial levels ol allainmenl 

Jean Piaget stressed the importance 
of pupils going through specific matura- 
tional levels such as the sensorimotor, 
preoperalional, concrete, and absLract 
levels Biological maturation is salient 
when teachers ascertain whaL should be 
Laugh I Lo pupils. The stage of concrete 
operations, lor example, has associativi¬ 
ty as one of its subcalegones The asso¬ 
ciative properLics of addition and multi¬ 
plication, using concrete malcrials, 
should be taughl al this stage (ages 
seven to eleven) of learner devclopmenl. 

John Dewey advocated a problem 
solving approach in which pupils iden¬ 
tify and solve problems. The pi oklems 
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are lifelike and practical The uselul and 1 
the utilitarian are emphasized Dewey 
placed strong emphasis upon democ¬ 
racy as a way of life Democracy then is 
more than a political syslem or a way of 
governing individuals, Democracy is a 
way ol associating with others and a 
means of communication, 11 is a means 
of involving all who will be affected by a 
given decision (Dewey, 1916) Demo¬ 
cratic means are needed to identify and 
solve problems. These problems need to 
be reality based and practical in the so¬ 
cietal arenas Pupils then need guidance 
to select and solve hfe-hke problems in 
mathematics To stress democracy in the 
school ancl classroom settings, learners 
should work cooperatively in problem 
solving endeavors in mathematics. 

The teacher of mathematics needs to ^ 


use a psychology of teaching which will 
guide I he learner to achieve as optimally 
as possible, There are diverse psycholo¬ 
gies available to provide guidance m 
helping pupils achieve, grow, and learn 
in mathematics. Pupils need to be able to 
use what has been acquired Meaning is 
then attached to facts, concepts, and 
generalizations achieved in mathemat¬ 
ics The National Council of Teachers of 
Mathematics in 1989 developed excel¬ 
lent criteria, goals, and ob]ectives for 
pupils to achieve, These are listed in 
Ihcir book Curriculum and Evaluation 
Standards for School Mathematics, The 
psychologies discussed above may well 
be used to guide pupils in goal attain¬ 
ment from those listed m Curriculum 
and Evaluation Standards for School 
Mathematics 
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he flying Carpet in the Arabian 
fable was supposed to be able to 

_ fly in any direction, forward, 

backward, upward, downward etc. and 
to land or take off from almost anywhere. 
In the modern world we have some thing 
which comes very close to the flying 
carpet - the helicopter. It can hover over 
a spot and rescue nien trapped in steep 
cliffs or sinking ships, It can fly in all di¬ 


rections It can land or take off from the 
top of a building or a forest clearing (a 
fixed wing aeroplane requires at least a 
kilometre of concrete runway') It is in¬ 
valuable in calamities like floods, help¬ 
ing to evacuate people or rush supplies. 
The armed forces also put it to a great 
variety of uses 

The concept of the helicopter is sev¬ 
eral centuries old but it came Into gen¬ 
eral use later than the aeroplane. The 
reason was the technical difficulties 
faced in trEinslating the idea into prac¬ 
tice 

The earliest recorded concept of the 
helicopter occurs m the notebooks of the 
great painter and all round genius, 
Leonardo da Vinci (1452-1519) Several 
subsequent inventors built and tried out 
a number of models powered by rubber 
bands, steam etc. But only with the in¬ 
vention of the petrol-driven internal 
combustion engine did man-cariymg 
helicopters became feasible. Paul Cornu 
(1881-1944) is credited with being the 
first to carry out a manned helicopter 
flight m 1907 But controlling a helicop¬ 
ter in flight IS far more difficult than con¬ 
trolling a fixed wing plane and required 
a lot of development before it could be 
generally used 

The father of the modern helicopter 
Is Igor Sikorsky (1885-1972), He was 
born in Russia. As a young boy, he once 
saw Leonardo da Vinci's sketches of the 
helicopter — and was hooked for life to 
the subjecl, His early attempts as a boy 
and young man to build helicopters were 
not successful and he reluctantly turned 
to the design of fixed wing planes. He be¬ 
came quite a successful aircraft designer 
He emigrated to the U.S A. on the out¬ 
break of the Russian Revolution in 1917 
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and achieved success the.re Loo in de¬ 
signing airplanes Bui his heart was re¬ 
ally set on developing helicopters. In 
1938, with limited support from the firm 
United Aircraft, he once again started 
work on helicoplcrs and in two years 
siieeeecled in demonstrating the amaz¬ 
ing ability of the eivilt to hover over a spot 
and take off and land vcrLieally on un- 
paved land But the inherent diffieullies 
in eonlrolling Us flighi delayed its gen¬ 
eral use until after tlic Second World War 
In the Korean war ol 1950-1953. the he- 
licopU'r al last demonstrated ils utility 
and greal versalilily, Wounded troops 
were quu kly evaeiuUccl from cliflioull ter¬ 
rain like mountains and valleys, supplies 
and reinloK'i'meiiis were rushed to criti¬ 
cal spots and many other valuable fune- 
I (ions were perlonned liy this "Workhorse 
ol (he Sky” Thcrealler, the development 
ol (he helieopLer has been rapid 

Today wc have a variety of helicop¬ 
ters, Some are diisigned as "Hying 
cranes" that can lilt a heavy lony into the 
sky Some can cany 30 or more armed 
soldiers. Some arc used to lay electric 
power lines in mountains and forests 
Other uses include traflie observation 
and direction by the police, crop spray¬ 
ing, lighlmg lorcsl fires, geological sur¬ 
veying and even herding cal tie’ The 
armed (orecs also have myriad uses for 
ihc helu'opfcr In human terms, U is 
most valuable during natural disasters 
and rescue operations. In one incredible 
ms lance, a man being dragged swiftly by 
the river current towards the Niagara 
Falls was plucked out of the water by a 
hchcopler' 

The heart of the helicopter is its ro¬ 
tor system. The power required is sup¬ 
plied by ccciprocallng internal combus¬ 


tion engines or gas turblhes The lift for 
the helicopicr is provided by the main 
rotor, rotating about a vertical axis (see 
Fig 1 1). To prevent the helicopter struc¬ 
ture from rotating in the opposite direc¬ 
tion as a reaction, a tail rotor is used to| 
provide the counter thrust In some 
cases, another rotor mounted on the 
same shaft as the mam rotor and re¬ 
volving in the opposite direction Is used 
for this purpose Yet another variation is 
to have two separate vertical axis rotors 
revolving in opposite directions (Tandem 
Rotors) To fly foiward, backward or side¬ 
ways. the pilot tilts the rotor in the de¬ 
sired direction The speed of the helicop¬ 
ter IS controlled by changmg the pitch 
(that IS the twist) of the mam rotor 
blades By ('hanging the pitch of the tail 
rotor blade., the helicopter can be made 
to turn about itself in llight But man¬ 
aging a helicopter while hovering or low 
speed night is quite difficult and requires 
high skill and experience on the part of 
the pilot. Modern helicopters ai'e capable 
of forward speeds upto 350 km/hr, 
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Fio.l.l Basic Components of a Helicopter 

Some hybrid models have also been 
built, with small fixed wings, along with 
propellers or jets for taking care of the 
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foiivard motion ol the helicopter. Yet an¬ 
other model employs rotors which rotate 
in the horizontal plane during take off 
and then tilt 90° to function as propel¬ 
lers, along with fixed wings The possi¬ 
bilities seem endless and helicopters are 
bound to play an increasing role in many 
applications in the future 

Behind the success of the helicopter 
lies the decades' long effort of its inven¬ 
tors, m many cases doggedly carried out 


0 

m the face of the widespread scepticism 
and scoin of their peers Their spirit is 
summed up m a saying that one of these 
gieat pioneers, Igor Sikorsky, promi¬ 
nently displayed in his office’ "Accord- 
ing to the lecognized laws of aerodynam¬ 
ics, the bumble bee can not fly because 
the shape and area of its wing in relation 
to its body IS not right But the bumble 
bee does not know this, cmd so he goes 
ahead and files anyway" 
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he words "nuclear technology" 
register in many people’s mind 

_ an atomic or a nuclear bomb, 

hence nothing more than destruction. 
This impression is not always correct 
since nuclear technology is also used 
for peaceful purposes. Isotopes of some 
elements emit radiation as their nuclear 
decay and they are called radioactive iso¬ 


topes, radioisotopes or radionuclides 
Some of these radionuclides occur natu¬ 
rally while others are artificial and the 
study of these radionuclides is called 
nuclear science. Nuclear technology is 
therefore the various nuclear techniques 
developed from nuclear science which 
make use of mainly radioisotopes or ra¬ 
diation procedures in response to the 
challenges imposed by the nuclear age 
Their range of application is extremely 
broad, which may be both constructive 
and destructive 

The application of these nuclear 
techniques will therefore have some ad¬ 
vantages and disadvantages on public 
health, since these radionuclides will be 
used in the environment. The inhibitants 
of the environment, such as man, ani¬ 
mals and plants may benefit from the 
detrimental effects of the nuclear acci¬ 
dents and radiations. 

Advantages of Nuclear Technology 

The socio-economic development of 
many great nations have been achieved 
through the help of nuclear technology. 
Some of the areas in which nuclear tech¬ 
nology has been applied are, power gen¬ 
eration, medicine, industry, agriculture, 
research and environmental manage¬ 
ment, 

The generation of electricity from 
nuclear power plants have now been 
practised in many countnes of the world, 
This source of energy has been 
recognised as an economic and a clean 
source of .energy as compared to the 
other sources of energy According to 
Atseyinlu (1992), the nuclear energy is 
a viable energy source, and is beneficial 
m many respects, but it involves great 
risks and environmental problems 
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The determination of metabolic 
pathways, visualization of organs, local¬ 
ization of tumors, detection of abnor¬ 
malities in diagnosis, use of radiation 
sources for therapy, sterilization of medi¬ 
cal instruments are some of the major 
goals of nuclear medicine. Nuclear medi¬ 
cal equipment, including scintillation 
gamma chambers, high energy gamma 
(HEG) scanner, and two channel profile 
scanners have been manufactured and 
are being used for detection of internal 
diseases Wide use is made of radioiso¬ 
tope tracer techniques in this area, such 
as in the preparation of radiopharma- 
ceuticals for clinical diagnosis of various 
abnormalities In Nigeria, for example, 
where there are no definite nuclear 
programmes, some form of secondary ap¬ 
plications of nuclear techniques in medi¬ 
cine have been donci These are found in 
areas of diagnosis of diseases prevalent 
in developing countries such as tubercu¬ 
losis, viral hepatitis and malaria, 

Nuclear techniques are used in the 
industry in various ways. Some of these 
include, the measure and control of fluid 
flow, wear and tear of engine parts, pro¬ 
duction of concrete polymer materials, 
optical glass colouring, plaster compo¬ 
sition, hardening in large size electro 
technical products Thermo-settling 
pipes, bands and other insulating and 
construction products have been pro¬ 
duced with polyethylene which arc 
treated with accelerated atomic par¬ 
ticles Radioisotope methods and equip¬ 
ment have been used in production of 
a non-stop analysis of the composition 
of substances for determining ash con¬ 
tent of brown coal and coke and for 
measuring the depth of charge in blast 
furnaces Radiation technologies have 
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been used for leather conseiwation, rub¬ 
ber vulcanization, textile fabrics, hard¬ 
ening of paints and varnishes, timber 
and abrasive materials, and in 
disinfestation and conservation of works 
of art In the beer industiy, isotopic tech¬ 
niques are used in detecting the levels 
of beer in the bottles 

In agriculture, there are various uses 
of radioisotope tracefs to monitor plant 
growth, development and plant diseases. 
Radiation sources have been used Lo 
solve some agricultural problems — 
some of which Include the elimination of 
insect pests by mass release of insects 
made stenle by irradiation, the radiation 
disinfestation of gram, and the use of 
radiation to produce useful plant muta¬ 
tions. Nuclear techniques have been 
employed to preserve food and agricul¬ 
tural products Radioisotopes have also 
been used as tracers in many research 
studies. In studies involving the rales of 
chemical reactions, structural determi¬ 
nation, mechanism of reactions and 
some physicochemical properLies of sub- 
-stances, radioisotopes and nuclear ra¬ 
diations are widely used, 

Nuclear techniques are increas¬ 
ingly gaining grounds in environmen¬ 
tal management The use of isotopes 
and the development of analytical 
tools, including tracer methods, neu¬ 
tron activation analysis (NAA), X-ray 
fluorescnce and atomic absorption 
speotrometiy have added to the tech¬ 
niques available for the study and de¬ 
tection of environmental pollutants 
such as pesticides and toxic metals, 
The use of nuclear technique in ground 
water pollution research is an example 
of the value of nuclear techniques in 
water pollution studies. Sewage water 
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punhcaLion is now done with radiation 
technologies and isotope techniques 
have greatly assisted in the studies ol 
our ecosystem 

Health and Environmental Risks 

Health and environmental risks are very 
vital issues when dealing with nuclear 
energy. Generation ol nuclear energy as 
well as use ol raclioisoiopes in research, 
medicine, agriculture, and industry pro¬ 
duce radioactive wastes which add to the 
naturally occunng radioactive sub¬ 
stances found in our environment This ; 
addition of artificial radioactive sub- ; 
stances causes concern, since they are ; 
more concentrated and contain sub- ; 
stances of high level activity as well as i 
substances of lower level activity but i 
with very long life time Studies show • 
that the soil samples of 1 liroshima bomb ; 
incident contains high levels of radioac- ; 
tivity up to date, (Sakanoue and Tsieji,; 
197 1 ). If these substances are not prop- ! 
erly handled, they can contaminate the 
environment and present serious health ; 
hazards to man, animals and plant lives. ■ 
At present studies have shown that most 
of our eailh's surface is contaminated by 
radioactive fallouts (Essien, 1991) 

The release of radioactive materials 
and radiations are the subsequent re¬ 
sults of nuclear energy and most of the 
instances radioactivity released into the 
environmenl come from the misuse of 
nuclear energy by man as m nuclcar 
weapon manufacturer, testing and use, 
and from improper handling methods 
and disposal of Lhe radioactive materi¬ 
als It is expected that careful handling, 
controlled and peaceful applications of 
-nuclear technology will continue to have 
little or no serious adverse effect on the 


environment 

Nuclear Accidents and Nuclear 
Waste Disposal 

All forms of engineenng technology and 
mechanical macljfinery have some type of 
accident risk to their operators, owners 
and to Lhe public at large. Nuclear tech¬ 
nology and insLallations are no excep¬ 
tion There is always the great fear of 
nuclear radiation on the part of the pub¬ 
lic based on the memory of the effects of 
the nuclear weapons of the Second World 
War and Lhe Nagasaki incident of 1945. 
Although the risk of a radioactive release 
accident is quite small, it is by no means 
negligible, and the lact that when one oc¬ 
curs, il can have horrifying conse¬ 
quences is what frightens people and 
generates opposition to development of 
nuclear energy (Aina. 1992). The SNAP - 
9A incident and Lhe recent Chernobyl 
nuclear disaster of 1986 have again 
showed that despite the elaborate safety 
measures in the nuclear industry, acci¬ 
dents could still occur. There is great 
need to constantly review Lhe safety 
measures in the nuclear industry, 

Management and disposal ot radio¬ 
active waste is an important issue in Lhe 
development of nuclear industry This 
problem is viewed by the public as be¬ 
ing so serious, and hence the agitation 
for the closure of fhe nuclear industry. 
The debate on the issue is veiy under¬ 
standable as the public is confronted 
with the fact that some nuclear wastes 
refcase radioactivity of almost instant 
mortal leyel if no proLeclion is provided, 
and others maintain their radio toxic 
character over a period which are many 
times exceeding the history of man If is 
worthy to mention here that the main ob- 





nuclear technology 
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Jective of management and disposal of ra- ‘ 
dio^ctive waste is control, containment 
anci isolation from the biosphere so as to 
ptdtect the environment and avoid 
hlealth hazards According to Aina. 
(1992), scientists and engineers meeting 
under the auspices of International 
Atomic Energy Agency (IAEA) have for a 
number of years held that no additional 
breakthrough in technology is needed for 
the safe disposal of any radioactive 
waste, including high level such as spent 
fuel. Studies are conlmuing to lurther 
improve the already significant level of 
knowledge about long term behaviour ol 
geologic repositones to facilitaie selection 
of suitable locations 

Environmental Effects of 
Nuclear Waste 

The application of nuclear sciences in 
industry, medicine, agTiculturc, re¬ 
search, environmental management and 
power generation produce radioactive : 
waste which release radioactivity into 
the environment. These wastes may con¬ 
tain very high level of activities as well 
as low level activities As discussed 
above, if the wastes are handled and 
disposed properly they pose negligible 
danger to the public but when improp¬ 
erly handled can lead to serious environ¬ 
mental hazards and loss of lives. The 
waste can lead to radioactive contamina¬ 
tion of vegetable crops, vcgelation, graz¬ 
ing animals, such as cows, sheep, 
horses, and goats making them unfit lor 
consumption. They can also coni animate 
our surface soils, water bodies, making 
our crops, and marine foods also unfit for 
consumption. Groundwater may also be 
affected and the entire iood chain con- 
! necting man to plant can be seriously 


affected Generally, the radioactivity re¬ 
leased could also have senous adverse ef¬ 
fect on health man, such as cancer and 
could even lead to fatalities depending on 
the dose received 

The occurence of a nuclear accident 
is another way nuclear technology might 
pose a significant danger to the public. 
The recent experience of Chernobyl ac¬ 
cident in the USSR in 1986, led to envi¬ 
ronmental radioactive contamination of 
a veiy wide area. High levels oTfadioac- 
tivity were recorded in the air around tt)e 
neighbouring countries Apart from the 
fatalities in the immediate vicinity of the 
area, there were noticed contamination 
ol Iood, water, milk and meat producjLs, 
which were declared unfit for consump¬ 
tion, 

[t IS worth to note here that any form I 
of nuclear radiation, directly sr'indirectly 
produces lomzalion and chemical change 
in its passage through matter. Therefore, 
intense irradiation of surface tissues are 
known to cause loss ol hair, and 
skinburns, blood producing cells in the 
spleen and bone marrow are particularly 
sensitive and there are high probability 
ol contracting leukemia and cancer, Ge¬ 
netic mutation can be caused by radia¬ 
tion damage to the chromosomes and 
death can be caused by an acute over- 
exposure to radiation. Since damage or 
deslruction (o a cell requires a direct hit 
by only a single parlic-lc ol radiation it is 
wise to take prcc’aulion to avoid even the 
slightest exposure to any form of radia¬ 
tion from the nuclear waste 

Radiation Protection and Safety 

There are very useful benclils derived 
from nuclear technology and we will 
continue to have workers in the nuclear 
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industries, hence there is the need to es-' 
tablish radiation protections standards 
The second international conference of 
radiology in 1928 established the Inter¬ 
national Commission on Radiation Pro¬ 
tection (ICRP) to set the required stan¬ 
dards of permissible exposure to radia¬ 
tion A summary of these standards are 
presented in the table below for two cat¬ 
egories of individuals namely (i) Occupa¬ 
tional and (li) the Ordinaiy Public. 

In the S.I. Unit, the unit of radiation 


(iv) Radiation workers should avoid any 
unnecessary exposures. • 

We are all exposed to low level radia¬ 
tions eveiy year Studies have shown 
that an average American receives an 
average dose of about 1 3 mSv/year (Fos¬ 
ter and Wright Jr 1983) 

Most of our low level radiations come 
from the following sources; cosmic ra¬ 
diations, ground radiation, internal 
sources, nuclear weapon testings. X-ray, 
medical checkups, wearing of luminous 


Organ/Bodij Tissue 


1. Gonads/Red bone mairow 
2 Skin/Bone/Thyiold 

3. Head/Foiearms/Feet/Ankles 

4. Other Single organs 


Occupational 
Max. Permissible 
dose per year (msu) 


Oidinary Public 
Max. Permissible 
dose per year (msu] 


dose equivalent is the sievert (SV) which 
IS defined as the dose m gray (GY) mul¬ 
tiplies by the Quality Factor, (QF) Gray 
IS defined as 1 joule per kilogram (IKg) 
where IGy is equivalent to 100 rads. The 
rad is a quantitative measure of radia¬ 
tion energy absorption usually called the 
dose 

+ The commission recommended the 
following to be obseiwed 

(i) The annual dose for occupational 
workers (those with routine expo¬ 
sure during their professional work) 
should'not exceed 50mSv to the 
whole body. 

(ii) Women of reprocluctive capacity 
should not receive more than 13 
mSv on the abdomen for a quarter 
year. 

(iii) Pregnant women should not receive 
more than lOmSv throughout a 
quarter 


wristwatch, from watching coloured TV, 
nuclear power plants, etc. It is therefore 
very necessaiy that we stay away from 
any form of nuclear radiation as much 
as possible. 

Conclusion 

In conclusion, I seem to support the 
views of Awonaike (1992), who noted 
that there is no gain saying that appli¬ 
cation of nuclear technique would entail 
the consumption of radioactive food by 
the populace We should know that we 
are all radioactive. There is no place on 
earth or in the universe, where one can 
hide Irom radiation, We all have some 
form oi radioactive radium and carbon 
in our muscles and radioactive noble 
gases and tritium in our lungs Studies 
have shown that radiation kills just as 
motor accidents and plane crash which 
are forms of engineering technology. 






nuclear technology 
and public health 

The potential benefits of nuclear 
technology for the development of our 
country can, therefore, not be over¬ 
emphasised, provided the safety require¬ 
ments for the peaceful use of the nuclear 
technology are strictly observed. It is 
also viewed that the successful introduc¬ 
tion of this technology requires interdis¬ 


ciplinary collaboration between relevant 
scientist, various government regulatory 
and financial agencies and industries. 
The health of the public will not be af¬ 
fected when all the arms associated with 
the operation, handling and supervision 
of the nuclear industry are all in place as 
in other developed countries. 


REFERENCES 

1 Aina, E 0 (1992), Nuclear Technology and the Environment. In the proceedings 
of Ihe symposium on Ihe Application of Nuclear Technology for Socio-Economic 
Development of Nigeria, Sheda Science and Technology, Abuja 

2 Arnikar, H J (1982). Essentials of Nuclear Chemistry, Wiley Eastern Ltd , New 
Delhi, India 

3 Alseyinku, B A (1992). Nuclear Power Plants — Issues and Options for NEPA 
and Nigeria, In ihe proceedings of the symposium on the Application of Nuclear 
Technology for Socio-Economic Development of Nigeria, Sheda Science and 
Technology, Abuja. 

4 Awonalke, KO. (1992) Application of Nuclear Techniques in Agricultural 
Production, In the proceedings of the symposium on the Application of Nuclear 
Technology for Socio-Economic Development of Nigeria, Sheda Science and 
Technology, Abuja 

5 Essien, I.O (1992). Contamination of the Earth's Surface by Plutonium and 
Uranium Fallouts, J Hodioana! Nucl. Chem. 1.47, 269-275 

6 Foster, A.R, and Wright, Jr RL. (1983), Basic Nuclear Engineering, Allyn and 
Bacon Inc , Massachusetts, U,S,A. 

7, Frledlander, G., Kennedy, JW, Marlas ES and Miller, JM. (1981). Nuclear 
and RadiochemisLry, John Wiley and Sons, New York 

8 Lawrence, J H, Manowitz, B, and Loeb, B S. (1964) Radioisotopes and 
Radiation, Dover Publications Pric , New York. 

9 Sakanowe, M and Tsuji, T. (1971) Pu content of Soil at NagasakyNature, 234, 
92 




Environmental Awareness 
among Higher Secondary 

Students of Science and 

Non-Science Streams 


nvironmenlal problem has be- 

people. They are beco^^ rre Jd 
more cautious about depleting Te 


sources, cietenoraling standard of life 
and living bemgs due to ever increasing 

crtv of pollution, poy^, 

illiteracy and unawareness inn 
sense of civic responsibilities and grow ' 
mg tendency of indifference and Lo). ' 
gcnce etc., which by some or other wav 
constraining to think over and be con 
scions, well in advance 

.Consciousness helps in brinantf 

realization, per^ception or knowledge^ 
(Good, 1973) is concerned with its intent 
^d action components of emoUonal and 

me state of consciousness which en- 

ays to enhance the level of one's own 
ntention to shape his attitude and feel 
his behavioural responsibility. 

Awareness requires knowledge but 
any knowledge devoid of action may 
wd y assure any enduring result Ac- 
Uon IS initiated when the kind of 

among people, right from the very begin ^ 
nmg and sense of responsibility^ devel- 

EducaUon, as it has been observed 
s a powerful instrument, strong enough 
to perform the task of awareness dev£ 

sucTh forms of all 

such burning issues like that of envl 

Ic^ in^n"dT"'f 

riomi + ^ Among all these three 

dominating and overwhelming issues 
he environmental problem. perhS t 

an?hn before the humanity 

: yolg S. the 

■ towLd/m involvement 

ds the development of livable and 
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comfortable better future through devel- 1 
opment of better appreciation and un¬ 
derstanding of the consequences of un¬ 
planned human action and undesired 
activities upon the total bio-physio-psy- 
chological environment Whenever we 
talk about environment, we generally 
presume over-natural environment 
around us but, at the same time, it is 
concerned with psycho-social environ¬ 
ment also. Environmental awareness, 
therefore, is the state of one’s awareness 
towards the environment and concerned 
with the factual familiarity or knowledge 
as well as attitude and responsibility 
towards environment and various envi¬ 
ronmental issues Thus, environmental 
orientation or the degree of information, 
environmental attitude or the normal 
and neutral state of readiness to re¬ 
spond, organised through experience, 
exerting-a-directive or dynamic influence 
on behaviour (Allport, 1955) towards en¬ 
vironment and the responsibility regard¬ 
ing environmental issues and duties, or 
the inner urge, external or internal com¬ 
pulsion to perform a given task, action 
and inclination to work consciously, are 
the three major dimensions of environ¬ 
mental awareness 

The World Book Encyclopedia has 
defined environment as many factors 
which influence man and other living 
things, some of which are internal and 
inherited, others are external. A combi¬ 
nation of these internal and external fac¬ 
tors, makes up the environment Physi¬ 
cal, Chemical, Biological and Cultural 
factors are in man's external environ¬ 
ment. 

The International Encyclopedia of 
Social Sciences defines environment as 
the aggregate of all the external condi¬ 


tions and influences, affecting the li 
and development of an organism 

In the Dictionary of Education, Goc 
(1973) defines environment as a gener; 
term designating all objects, factors an 
conditions that affect the individru 
through such stimuli as one is able ( 
receive. 

Therefore environmental awarenes: 

IS taken as a composite of factual fami 
larity (i e. knowledge pertaining to th 
environment) and personal variable (i e 
atlitude and sense of responsibility to 
wards environment), which represeni 
one's conscious state of being towards 
own environment 

The Fourth Five Year Plan (1969-74] 
in India marks the beginning of involve¬ 
ment of the government in environmen¬ 
tal concern and for the first time, envi¬ 
ronmental consideration were articu¬ 
lated with the economic development 
Attention was also given towards the ef¬ 
fective conservation and proper utiliza¬ 
tion ol natural resources The National 
Committee of Environmental Planning 
and Co-ordination (NCEPC) started the 
Implementation of its research 
programme through ‘Man and Biosphere’ 
and ’ Environmental Research Committee’ 
since 1972 Awareness and far 
sightedness within the government ma- 
chineiy have become explicit through the 
establishrhent of the Department ol En- 
vironnienl on 1st November, 1980 and the 
preferences given to the environmental 
issues in Sixth Five Year Plan (1980-85). 

In the field of education, Singh, M 
and Rao, LS.P, (1981), Gupta, UP., 
Grewal, J S and Rajput, J A ( 1981), 
Manual, N V. (1982), Deys, and 
Bhattacharya, G.C (1992), Singh M P 
et.al (1985) and many others initiated 
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research invesligalions to know more 
about environmental problems and the 
state of awareness towards environment, 
pollution, potentialities etc , and invari¬ 
ably concluded that the environmental 
information and awareness are inevi¬ 
table for protection of life and living 
things as well as sustenance of mankind 
on the globe of the earth, which are m 
tune of the findings of many a foreign 
research findings and views of natural¬ 
ists and scientists 

But even then, a general idea has 
been developed and observed among the 
uneducated mass of rural India as well 
as among some educated people too, 
that the students belong to the science 
stream and specialization at the higher 
secondary stage of school education 
may develop Well a beltei understanding 
of environmental issues and awareness 
in comparison to then" counterparts, in 
the non-science streaih the same level 
of educalion. This idea gave an impetus 
to know about the reality to the inves¬ 
tigator through a research investigation, 
planned to conduct among higher sec¬ 
ondary students of science and non-sn- 
ence students in Varanasi, lor determin¬ 
ing their environmental awareness 

Objectives 

The objectives of the study have been de¬ 
lineated as following — 

To determine the • 

a) Difference between the higher sec- 
ondaiy students ol Varanasi belong¬ 
ing to the science and non-science 
streams, in terms of their environ¬ 
mental awareness, 

(i) dilference between the higher 
secondaiy students of Varanasi 
belonging to the science and non- 


science streams, in terms of their 
environmental orientation 
(li) diflerencc between the higher 
secondary .students of Varanasi 
belonging In Ihe science and non- 
science streams, in terms of fheir 
environmenlal attitude 
(iii) dificrenee between the higher sec¬ 
ondary students of Varanasi be¬ 
longing Lo ihe science and non- 
scienee streams, in terms of their 
environmenlal responsibility. 

(b] Sex-difference laetwccn the higher 
secondary students of Varanasi be¬ 
longing Lo the science and non-sci¬ 
ence streams, in terms ol their envi¬ 
ronmenlal awareness 

Hypotheses 

Statisiical hypoLheses were Iramed m 
null lorm as following ■ 1 !o:X - There is 
no signifu-anl dilTcrcnce lietween the 
science and non-science streams of 
higher secondary students ol Varanasi, 
in terms of their environmental aware¬ 
ness. 

Ho' X - (a) Higher Secondaiy students of 
Varanasi belonging Lo the science and 
non-science streams, do not differ sig¬ 
nificantly, in terms of their environmen¬ 
tal orientation, 

(b) Higher Secondary students of 
Varanasi belonging to the science and 
non-science streams, do not differ sig¬ 
nificantly, in terms of their environmen¬ 
tal attitude, 

(c) Higher Secondaiy students of 
Varanasi belonging to Ihe science and 
non-science streams, do not differ sig- 
nilloantly, in terms of their environmen¬ 
tal responsibility. 

Ho • Y - There is no significant difference 
belween the male and female higher 
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secondary students of Varanasi belong¬ 
ing to the science and non-science 
streams, m terms of their environmen¬ 
tal awareness. 

Terms 

(a) Environmental Awareness .It is one's 
conscious state of being towards his/her 
own environment and considered here 
as a composite of the factual familiarity 
and personal variables of attitude and 
responsibility 

(b) Higher Secondary Students The male 
and female-learners studying at the +2 
stage__of-SjciLoril education, either in 
higher seconda ry schools or Intermedi¬ 
ate' colle ges in Va ranasi and are con¬ 
cerned with sci ence and non-science 
streams 'breducation, 

~(c) Science'Streafh~AllThe courses either 
■oFhiological sci- 
to form the 

science stream 


(d) Non-Science Stream : All the groups 
“of-canrses“concerned‘WfEh humanities 
and so c ial science s ■_hav&-heen catego- 
nzed as the non-science stream 
-DelimitatonvThe-stndywas confined to 
the higher secondary”oF+2 stage learn¬ 
ers of school education and mainly the 
arts students were taken into account 
under non-science stream as commerce 
and other groups of students were not 
available in all institutions 


The schools located within the city of 
Varanasi were contacted especially the En¬ 
glish medium schools as they are gener¬ 
ally having facilities and considered as 
better sources of Science education 

Method 

Normative survey design was used for 
investigation purpose All the male and 
female students at higher secondary 
level belonging to the Eastern U P were 
taken as the population of the study 
belong either to the Science or Non-Sci¬ 
ence streams of education 

Sample 

A representative sample of higher sec¬ 
ondary students was selected for the 
study out of the defined population us¬ 
ing random cluster sampling technique. 

Initially, seven English medium 
schools in Varanasi were selected ran¬ 
domly out of the list of all such schools 
where provision of both the science and 
non-science education is existing. The 
students of Science and Non-Science 
subjects framed two separate clusters 
out of which 200 students were selected 
randomly, as given in Table 1 1 

In this way, out oi all 200 higher sec¬ 
ondary students 118 were males and 82 
were females as well as 78 were science 
and 112 were non-science stream learn¬ 
ers.' 


Table 1 1 

I 

Break-up of the Sample 
(N = 200) 


Male 

■.(N=118) 


■ Female 
(N=82) 


Science 

(N=48) 


I 

Non-Science 

(N==70> 


1 


Science 
(N= 30) 


Non-Sc 

(N 


ibnce 

J52) 





Tools 

To measure the environmenial awareness ' 
otthe selected hig;her secondaiy students, 
the measure ot environmental awareness _ 
(M E A) developed by Singh and Rao •" 
(1981) was selected which is a quite appro¬ 
priate, reliable and practicable tool for 
such investigation, conslreicted at Vikram, 

A Sai'abhai Community Science Centre, 
Navrangpura, Ahmedabad This live point 
Likert type rating scale was administered 
to the students in groups of 10 to 15, after 
providing them with proper instructions 
and briefing, when Expert opinion and 
pre-Liyout of the adopted form of the tool 
on a small known sample of 20 students 
for correction of the language, statement 
structure and item complexity etc , were 
done 

Reliability and validity of the tool 
were ascertained on the line of original 
authors To establish reliability internal 
consistency of the tool was determined 
using split-half technique and super¬ 
man—Brown Prophecy Formula 
(Tuckman, 1978) and the co-efficient ol 
conrelation was determined as high as 
0 92 establishing a fairly good consis¬ 
tency oi the tool. 

Since the test items were carefully 
framed, keeping in view the several as¬ 
pects of environmental issues and ongi- 
nal three dimensions of onentation, atti¬ 
tude and responsibility and each item was 
critically evaluated by five experts in the 
field, the content validity of tool is high. 
The construct validity is obviously hi^ 
due to high internal consistency 

Xhe main areas of the item are popu¬ 
lation, pollution, nature, health and nu¬ 
trition, land usage, forestaLion and defor¬ 
estation, like original form and out of 50 
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statements 22 were concerned with 
onentation, and 14 with attitude and re¬ 
sponsibility dimensions each. 

Scoring Weighlage of 5 to 1 was given 
to the alternatives of strongly agree to 
strongly disagree in cases of favourable 
items whereas the reverse order of scor¬ 
ing was used in cases of negative items 

Statistical Analysis 

Alter obtaining summated scores of each 1 
respondent, parametric statistical mea¬ 
sures of central tendency and difference 
between means were computed after 
tabulation and objective-wisc analysis. 

Results and Discussions 

To verily the hypotheses framed, the re¬ 
sults obtained have been presented 
‘through Table 1 2 given below 

Twjui 1 2 

Comparison of Science and Non-Science 
Stream Higher Secondary Students 


S, Groups 

N 

Mean S D. 't'-ualue Result 

No. 




1 Science 

78 

188 

25 53 Sig at 

31,31 01 level 

2 Non-Science 122 

162 


The above reveals that the obtained 
'f - value IS precisely high enough to be 
significant at 01 level of conlidence 
which rejects the Ho • X stated as : 

There is no significant difference be¬ 
tween the science and non-science 
streams of higher secondary students of 
Varanasi, in terms of their environmen¬ 
tal awareness. 

Since the average score of the science 
stream higher secondaiy students of 
Varanasi is obtained higher than that of 
their non-science counterpart, it is obvi- 





environmental awareness 
''a mong students ' 

ous that the students belong to the sci¬ 
ence discipline are comparatively better 
in terms of their environmental aware¬ 
ness Thus, it may lead to conclude that 
the discipline may affect the environmeij- 
tal awareness of the learners through 
provision of better and specific knowl¬ 
edge and information If it is accepted, 
there may not perhaps be any harm to 
recommend science education for all 
atleast upto higher secondary stage of 
education which may broaden the hori¬ 
zon and views of the learners- and bring 
them in a position to be able to function 
as more and more aware towai'ds serious 
environmental issues. The selection of 
discipline and choice of pptional streams 
may be initiated from graduation level of' 
education 

To verify the other dimension-wise 
hypotheses, the following comparisons 
were made and the results thus obtained 
were presented in Table 1 3 given below 

Table 1.3 

Comparison of Science and Non-Science 
Streams : Environmental Orientation 

S Groups N Mean S.D. 't'-ualue Result 

No 

1 Science 78 83 51 12 67 Sigal 

2 Non-Science 122 67 42 13 58 g 53 01 level 

: N = 200 

Table 1 3 reveals that the obtained 
value is significant at .01 level of confi¬ 
dence and thus the two groups differ 
from each other. Thus, the hypothesis 
Ho ■ X (a) stated as : ’Higher Secondary 
students of Varanasi belonging to the 
Science and Non-science stream, do not 
differ sigplficantly, in terms of their en¬ 
vironmental orienLation’, stands rejected 


Here also, the average score of the 
science stream of higher secondary stu¬ 
dents of Varanasi is found higher than 
that of their non-science counterparts 
and therefore, iL may be concluded that 
the knowledge aspect of these students 
zire much sound and comparatively bet¬ 
ter, It may be due to the nature of sci¬ 
ence curriculum at this level which in¬ 
cludes a number of topics concerned 
with environment and ecology, in gen¬ 
eral, and in case of biological science, in 
particular The science curriculum is 
strong enough to provide with the stu¬ 
dents about scientific knowledge regard¬ 
ing environment, pollution and its con¬ 
sequences upon life and living things and 
plays a significant role Lo enhance their 
standards of knowledge in companson to 
the arts and other non-science group of 
learners, usually lagging behind them, in 
terms of environmental orientation. 

Further, analysis ol the data, con¬ 
cerned with environmental attitude was 
done and the results obtained depicted 
through to table given below 

Tahi.k 1.4 

Comparison of Science and Non-Science 

Streams . Environmental Attitude 


s 

Group.s N 

Mean S.D. ' 

t'-ualue Result 

No 




1 

Snenee 78 

48 31 9 15 

„„„ Sifi.al 

2 

Non-Scicnce 122 

48 93 10,35 

.01 level 


N = 200 


Table 1,4 reveals that the obtained 
‘t’-value IS not higher enough to be sig¬ 
nificant at any aerepL (cither ,05 or .01) 
level of confidence and thus-, it may be 
said, that the two groups do not differ 
from each other Therelore, the hypoth- 







esis Ho X (b), staled as ’Higher second- 
ai-y students ol'Varanasi belonging to the 
science and non-snenee streams, do not 
difl'er significantly, in terms of I heir en¬ 
vironmental attitude', IS accepted. 

This indicates that tlic formation ol 
attitude towards any issue or object may 
not depend upon the nature ol discipline 
and the formal instruettonal situation as 
well as of curriculum structure It may be 
possible that the other agencies (non- 
tormal like media, play-groups, social 
contacts etc.) play abetter and significant 
role in attitude formation on acr'ount of 
which the environmental attitude scores 
of the non-science stream of higher sec¬ 
ondary students of Varanasi was obtained 
to some extent higher than that of Lhcii 
science-group counteipart, though not as 
high as to make the diflerence signili,canl 
at any level of confidence 11 helps one to 
recommend to enhance the lesponsibil- 
iLy of media and other agencies to develo] 
better and positive attitude among people 
towards environmental issues, as early as 
possible 

The comparison was made further 
between the two streams of higher sec- 
ondaiy students, in terms of develop¬ 
ment of sense of responsibility towards 
environment, the third dimension of en¬ 
vironmental awareness and the results' 
have been presented in Table 1 5. 

Taiiu; 1 5 

Comparison of Science and Non-Science 

Streams : Environmental Responsibility 


s. 

Gronjj.s 

N 

Mean S.D 'f'-ualue Re.siilt 

Cl /0 




1 

Science 

78 

55,89 9,81 0 21 Sig al 

2 

Non-Snenre 

122 

42 77 13.82 .01 level 


N = 200 
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Table 1 5 reveals that the obtained 
T-valuc IS as high as lo be significant 
at 01 level ol confidence and thus, it 
may be stated, that the two groups dif- 
ler significantly from each other regard¬ 
ing their environmental responsibility 
Thcrelore, the hypothesis Ho.X. (c) 
staled as " 'Higher secondary students 
ol Varanasi belonging lo the Science and 
Non-scienc.e streams, do not differ sig¬ 
nificantly, in terms of their environmen¬ 
tal responsibility stands rejected 

This shows that the higher second¬ 
ary students of Varanasi belonging to 
the science stream, possess a signifi¬ 
cantly better spnsc of their responsibil¬ 
ity towards environment and it protec¬ 
tion than that of their non-science 
counterpart 

This may be the outcome of devel- | 
opment ol scientific reasoning and ana¬ 
lytical approach to understand and 
solve any problem through scientific ob- 
seivation and drawing conclusion. They 
may develop power of application of 
their knowledge through scientific way | 
of study which may not be possible for 
the non-science students due to theory- 
based approach of their subjects of 
study This indicates that to make one 
more and more responsible, it is neces- 
saiy to be given more and more chance 
of active observation, participation and 
to follow the analytical approach. 

To find out the sex difference among 
the higher secondary students of Sefi 
ence and Non-science streams, m terms 
of total environmental awareness 
scores, the results obtained were pfe- 
• sented m Table 1 6 below : 







ENVIRONMENTAL AWARENESS 
AMONG S 'I'JJ DEN T S 


TAtiiii 1,6 


Comparison of Male and Female Higher 
Secondary Students of Science and Non- 
Science Streams 


SNo Croups 

N 

Mean S.D. 'I'-uahie Resull 

1 Male 

118 

162 33.67 gg5 Slgal 

2 Female 

82 

169 22,75 .01 level 

N = 200 


Table 1.6 reveals that the obtained 
't'-value IS as high as to be significant al 
,01 level of eonfidence and thus, it may 
be stated that the two groups differ sig¬ 
nificantly from each other regarding 
Iheir environmental awareness There¬ 
fore, the hypothesis Ho : Y stated as . 
There is no significant difference be¬ 
tween the male and female higher sec- 
ondaiy students of Varanasi belonging 
to the science and non-science streams,- 
in terms of their environmental aware¬ 
ness', stands rejected. 

This establishes the existence of sex 
difference in environmental awareness 
and ascertains Ihe female groups ol 
higher secondary students as better 
than their male counterpart. To know 
about stream-wise sex-difference the 
results obtained were further analysed 
as below 

Taiilc 1.7 

Stream-wise Comparison of Male and 
Female Higher Secondary Science and 
Non-Science Students 


Science Stream : 


S.No. Groups 

N 

Mean S.D, 

't'-ualue ResuV 

1 Male 

2 Female 

48 

30 

176 

199 

28.15 

18.98 

Sigat 
d 7‘i “ 

Olicvel 


31 


Non-Science Stream : 


SNo Groups 

N 

MeanSD. 'i'-value Resuli 

1 Male 

70 

149 19 72 Sigal 

176 20 75 Olicvel 

2 Female. 

52 

N = 122 


Since, ihe stream-wise comparison 
tables also reveals that both the groups 
differ significantly, irrespective of the 
sireams with the female higher second- 
aiy sludents of Varanasi always ahead in 
comparison to their male counterparts, 
m lerms of environmental awareness, 
the reiection, of the above hypolhesis is 
lurlher luslified 

Female stiidenls, were found com¬ 
paratively more awai'c towards environ¬ 
mental issues which supports the find¬ 
ings of Singh and Rao (1981) also. Since 
the females arc more attached to the 
environment by nature and on account 
of Iheir Lraditional duties and responsi¬ 
bilities of cleaning and maintenance of 
surroundings in a better.and healthy 
way, they eventually may become able to 
raise iheir awareness level without any 
conscious efforts, m comparison to the 
male group of students. This may help 
us io conclude that if science education 
IS provided to all female students, the 
output, in terms of development of en¬ 
vironmental .awareness be improved well 
conscc[uently, which may not only be 
good for her own but for the whole fam¬ 
ily, m due course io time. 

The male groups in comparison to 
them, do not bother much about such 
issues and are quite indifferent to envi¬ 
ronment explicit the fact that more ef¬ 
forts and application of some new pat¬ 
tern and ways of teaching are essentially 
needed for them so that their awareness 


N= 78 








li'vcl coiilcl be rriiscd in no-liiiK‘ lo linnt' 
Hk'iu .iI ]i.u' wilh Ihcir Icniak' ('ounln- 
parls, 

The sliicly implies lhal Ihe ediiea- 
lion ()l seienee siil)jeels and .i^irls sln- 
deiils should he more emphasized 
alom^wilh implemenlalion ol environ- 
menial ('duealion Ihroiiiih non-lormal 
syslem media (de.. besides provision ol 
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eoinpiilsoiy seienee erluealion uplo 
hiffher secondary sluf^e ol school edn- 
ealion This will eerUunly help Ihe 
pri'.senl as well as Ihe lulure ffencra- 
lions lo^fel I'ld ol many environment.al 
])rol)lem.s wilhonl makiipi^ any exira 
and addilional ellorts and devisinft spe- 
('la! plan and proiirainines for environ- 
menlal eduealion. 
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'The Story of a Stone* 


D.N Wahia 

"God ivoiketli sloivly • and a thousand yeais 
He takes to lift Ins hanks off. Layer on Laijei 
He made the earth, fashioned it and haideited it 
Into the great bright useful thing it is: 

Its seas life-crowded and soul-halloiued lands 
He girdled with the girdle of the snn " 



nee I had a conference with a 
pebble, one of those veiy famil- 

_ iar objects, which one sees 

everywhere around Jhelum and thinks 

t Reprinted from the Prince of Wales 
College Magazine, Jammu and Kashmir. 
December, 1912 

* Reprinted from ‘School Science’ No 1, 
Vol 2, March, 1963 


no more of, and which the very donkeys 
that cany them on their backs hold in 
contempt. Certain pursuits in which 1 
have been engaged for some years past 
have created in him a sympathy with my 
inquiry, and, in response, he enlight¬ 
ened me on the stoiy of his past He 
thus expressed himself - 

"My histoiy is long, and the tale that 
I have to tell of a long life of restless ad¬ 
ventures IS almost illimitable My antiq¬ 
uity IS to be measured by periods too 
vast for your human comprehension, 
before which the most ancient records of 
man’s history are but as events not even 
ol yesterday but ol the last hour. The 
Himalaya mountains and the seas that 
wash the Indian shores on the east and 
west, symbols of time and eternity to 
man, are. m comparison with the aeons 
of time that I have passed during my 
existence on this earth, mere evanes¬ 
cent phases that have come and gone 
without number Within my experience, 

I have witnessed the birth and passing 
away of many seas,_ continents and 
mountains, and these, your important 
land-marks of the world of today, are the 
latest comers in a long line of such 
"When I was born, the world was in 
its infancy, and an altogether different 
world it was 1 cannot exactly recall in 
detail the geography of the rountiy ol my 
birth. This much, however, is quite cer¬ 
tain, that much of the north ol India and 
Punjab of today lay deep under the wa¬ 
ters of an ocean, the northern shores of 
which lay far' beyond the plateau of Cen¬ 
tral Asia Its southern shores defined a 
continent in the south, of which the 
Deccan is a small existing fragment. That 
graceful pendant, the island of Ceylon, 
of course did not exist then, it together 
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With the Deccan, formed part of a conti¬ 
nent that stretched far on the other side 
of the Equator, how far 1 cannot say — it 
may be, towards Madagascai- on the west 
and Austraiia on the east. The one no¬ 
table feature of this tract of land of which 
I have a distinct remembrance, (because, 
as you will learn presently, it was con¬ 
nected with my percentage), was that a 
high range of mountains ran across it 
Irom the site of the present Sahyadris 
(Western Ghats) to the north as far as the 
Pamirs. The Aravallis of today are a 
weathered and shrunk remnant of that 
lolly pile The chisel of time has cut deep 








into them and out of their dust and de-' 
bris built many a rock-system of India, 

I hold within me much of its substance 
and so do many of my congeners m the 
long line of descent. 

"Such was the a.spect of the physical 
world of my day. The world of living be¬ 
ings was stranger slill, and far, different 
from anything 1 have since beheld, It will 
want an effort of your imagination to 
realise the picture of that singularly 
desolate and barren world, from which 
all the varied and multitudinous races 
of animals which inhabit it today were 
absent. Thefe were no quadrupeds, and 
no beasts of prey: no birds broke the si 
lence of the air, nor any of the orders of 
the reptiles broke Ihe gloom of the 
woods,^no frogs, no fishes, even many of 
the humble invertebrates were absent 
from the silent deeps of the ocean They 
were yet to be born, their advent was but 
family heralded by the few insignificant 
bul universally spread, lowly class of 
coral-hke animals and some Crustacea 
and shell-fishes, which lived in the sea, 
The land was even more thinly peopled, 
The hill-slopes and plains were clothed 
with a sort of vegetation that has its 
modern representatives in the lower sea¬ 
weeds, mosses and ferns. True some of 
these ferns *and weeds did shoot their 
arrogant heads high in the air in the 
manner of trees of today, but it was a 
barren splendour only, for they were de¬ 
void of (lower, fruit or seed such as you 
know them Living upon their scanty 
products were a few animals mostly of 
the insect and worm class. 

"Now as to my birth, I have said that 
on the borders of the southern conti¬ 
nent, i.e. the tract of country now occu¬ 
pied by the Himalayas lay the Sea. The 
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bed of that sea was my birth-place The 
drainage of the land, gathered by a large 
river that flowed across it, was dis¬ 
charged, at its mouth into the sea 
Mingled in this water were loads of mud, 
sand and silt, as is the case with run¬ 
ning water on land Some geologists, 
curiobs in these matters have calculated 
the rate of waste of solid land by the 
agency of rivers and ram They have 
found that one such river, the Ganges, 
for instance, conveys 973,000 tons of 
such sediment daily to the Bay of Ben¬ 
gal. When you consider that not only the 
Ganges but other great Indian nvers, the 
Brahmaputra, the Indus, the Godavari, 
the Narmada, the Krishna — some of 
which carry even more silt than the 
Ganges — all assist in transporting the 
solid rriaterials of the continent, you will 
realise that the waste of the hills and the 
plains is enormous, and will admit that, 
as the combined results of the action of 
all the rivers of the globe, the level of the 
earth is being reduced one foot in about 
every 6,000 years As is the case now, so 
it was in the past For in all inquiries ol 
this kind you can take this as a cardinal 
principle (from us who have been the wit¬ 
ness of nature’s work since the earth’s in¬ 
fancy]. The Present is the Key to the 
Past 

"There, deep under the mantle of the 
ocean, I lay, a sheet of^white sand The 
successive floods of the river brought 
fresh loads of sand and these were laid 
down over those of the last season in a 
thin layer. Layer after such layer grew, as 
one tributary after another poured its 
freight of sediment It was while I was ly¬ 
ing in this condition of loose, unconsoli¬ 
dated sand, on the sea bottom, that I first 
made my acquaintance with living beings 


of the period. They flitted about in the 
waters, or fixed themselves in the grow¬ 
ing s'ands, or crawled over, them Some 
of them were shell-fishes and starfishes, 
some crustaceans and sea-lilies, others 
corals and sponges, their uncouth and 
primitive forms, in contrast with the 
same animals of today, 1 yet 



dimly remember Their dead bodies, 
dropped upon the last layer of sand, 
would he there till covered by the next 
deposit of sand brought by the next sea¬ 
sonal flood Then a curious process 
would intervene between the organic 
and the inorganic,^and by a slow chemi¬ 
cal molecular change, the organic body 
would .be replaced particle by particle, by 
the inorganic substance of the sand, but 





still preserving the details of its anatomi¬ 
cal structure Eventually that relic ot the 
dead animal would be converted into 
stone, to remain there for ever in its stony 
sepulchre, to bear witness to many an 
important fact and circumstance in long 
subsequent ages. Many such organic 
fragments, shells and skeletons were 
entombed in this manner in the bed of 
sand which was the parent mass (rom 
which I was denved. Some of us still beai’ 
such petrified remains, which you call 
fossils — chroniclers of the life and con¬ 
ditions of Lheir times Well, the layers, or 
strata as you call them, continued to 
form one over another, each younger one 
resting on the next older, till in the 
course of long ages a thickness of some 
thousands of feet resulted. Under the 
pressure of this overlying mass, the 
lower (and older) beds were compactec 
and consolidated into a hard mass In¬ 
filtrating water carrying limy or silicious 
solutions introduced these substances 
into the sand beds; and they, acting as 
a kind a cement or matrix, converted the 
once loose sediments into a hard com 
pact rock which you now recognise by 
the name of sandstone. Thus you see 
how I was formed out of the silt derivec 
from the wasting of the land, no small 
part of which was contributed by the 
hill-slopes and valley-sides of the 
Aravallis. Up to now my days were 
happy Protected under the cover of 
waters, gathered with my parent mass, 
I was a stranger to the never-ending 
change and turmoil of the inorganic 
world My life of restless and infinite toil 
WEIS yet to begin, 

"Up to now the compacted and 
'stratified' beds of sandstone were lying 
in their original horizontal position over 
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the sca-bed. Then, by some lar-reaching 
titanic process a slow upheaving of the 
earth began. The strata were com¬ 
pressed from the sickis, twisted and 
folded—solid rock masses as we were— 
out of their original horizontal and level ' 
poailions'into curious unstable struc¬ 
tures oi ar<'hc.s and (roughs. As a con¬ 
sequence of the uplieavmg movement, 
we began to merge out of the depths of 
the ocean waters, old Neptunes slowly 
retired from his old domain, and we were 
left high and dry. In a word the sea-bed 
was laid bare and converted into land, . 
the new fabric' being a piece added lo the 
old southern continent 

"Phenomena so wonderful as the 
uprise of the sea-boLLoin Lo form new 
land IS difficult to conceive, and you are 
naturally astounded at the magnitude of 
Ihc operations involved. But look 
around you and sc'c whether the present 
geography of the world does not present 
some identical or parallel phenomena 
Here again apply the same principle of 
inquny, obseiwe the workings of Nature 
today, and you will find a clue to its op¬ 
erations In the past. Has not the coast 
of Sweden for many hundreds of miles 
lately risen out of the Gulf of Bothnia'? 
The coast of Sibena, east of the Lena, for 
over 600 miles has risen out of the sea 
and IS still rising, The eastern and 
southern borders of Japan are undergo- I 
ing a slow elevation, witness the marks 
on its beaches, ask ils fishermen and 
sea-captains. The same disturbance of 
the relative level of sea and land is felt 
along extensive tracts of Labrador, New¬ 
foundland and Greenland But why 
quest so far? Have not similar things 
happened within historic times in India*? 
Large areas, once famous historic sites. 
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have been submerged under sea-water 
and converted into an inland sea, and 
other areas elevated beyond the reach of 
the waters to form mounds 

"The coast ol Kathiawar, the east 
coast of the Island of Bombay and the 
Konkan coast bear marks of recent alter¬ 
nations of the relative level of land and 
sea, and later still, though on a larger 
scale, are the changes in Assam and 
Chittagong But you must not imagine 
that these great geographical revolu¬ 
tions were accomplished in a few years 
or even centuries or that they were 
brought about by violent or spasmodic 
action, They were extremely gradual and 
protracted processes which took ages for 
their consummation A hundred genera¬ 
tions of living beings roll away before 
their effect becomes perceptible Nature 
draws unlimited cheques on the Bank of 
Time 

"Our time of trouble had begun. Af¬ 
ter the first flush of joy at our emerging 
into light and day we began to perceive 
our terribly exposed situation Ram and 
frost, wind and cold, the insolation of 
day and night and summer and winter, 
all these meteoric agencies began to tell 
upon the cohesion of the sandstone beds 
which composed the newly made land. 
Time, the great agent of rum, lent its in¬ 
sidious aid to these forces. Percolating 
water, carrying with it dissolved gases 
from the air and acids from the ground, 
loosened and disengaged the constitu¬ 
ent particles Irom one another and we 
soon saw evci^ shower of ram that fell, 
after seasons of drought, can led away 
With it tons of sand and other disinte¬ 
grated matter from us Cracks and crev¬ 
ices appeared, they widened into fis- 
sures'and admitted more air and water— 
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the two chief agents in rock-decomposi- 
tion into deeper parts Another factor 
which helped in altering the surface was 
vegetation, which had taken hold on the 
ground and spread on it While at first 
it seemed to protect the surface from the 
atmospheric wear and tear of the 
ground, by means of its various organic 
acids and the oxygen and carbonic acid 
gas of the air which were introduced into 
the subsurface by the mechanically pen¬ 
etrating roots and rootlets it produced a. 
layer of rotted rock mixed with the de¬ 
bris of the vegetation, — the soil. This 
growing soil-cap by supporting federa¬ 
tion more actively only accelerated a fur- 







SCHOOL 

MARCH 

SCIENCE 

19 9 7 


Iher disinlegration of the layers deeper | 
and deeper. Meanwhile the rains of dll 
these ages had worked a maiwellous 
change on the originally smooth, uni¬ 
formly sloping surface of the ground 
The precipitated water in descending to 
lower levels cut tunnels; these, gather¬ 
ing strength, has formed info sfream, 
which joined to form rivulets. By wear¬ 
ing out the softer pails more readily than 
the harder, and by eating into the slop¬ 
ing parts more actively than the level 
tracts, it brought about great inequali¬ 
ties in the originally uniform surface. In 
what was once a levei plateau, hollows 
and ridges, mounds and depressions, 
hills and valleys were carved out by the 
energy of the running water as by the 
chisel of sculptor. Landslips were precipi¬ 
tated along slopes by the lubricating ac¬ 
tion of percolating water along crack- 
planes. Thus, the denudation, by the at¬ 
mospheric agencies changed the face of 
the new land and gave to it the ordinary 
worn aspect which is such a feature of 
land scenciy in all parts of the world. Of 
course all this went on as the normal 
routine of Nature, taking vast measures 
of time and just as naturally as you now 
see things going on around you 

"In one of these landslips 1 was 
thrown from a hill-side info the valley 
below. Thus detached from Ihe parent 
home once and lor ever, I lay m the fallen 
debris, a rough-hewn sharp-edged, mas¬ 
sive block of sandstone, uLteiiy unlike 
my present diminutive shapc’ Time 
rolled away Torrential streams swept us 
along the river course. Each roanng de¬ 
bacle in rainy season carried us along 
with other blocks, knocking against one 
anolher and against the hard bed of the 
slrcain Through new scenes and new 


lands we were rolled along and rubbed 
and scoured till even the hardest of us 
lost our original form and were reduced 
and rounded into boulders Now 
stranded on some shingle bank, now 
dropped for a Lime on some sharp bend, 
now left high and dry for a long succes¬ 
sion of rainless summers in the parched- 
up bed of the river, the ruthless trans¬ 
port continued Eventually we reached 
the shores of the sea, — the great Tethys 
sea’ of geologists, which stretched from 
the eastern extremity of the Himalayas 
to the north-west as far as the western 
limits of the Swiss Alps. There we were 
carried and dropped into its shallow 
waters, together with myriads of other 
boulders, pebbles, sand and other de¬ 
bris. Once more on the bed of the sea, 
we were cemented into the rock called 
conglomerale Ages pass away, the great 
Tethys (as this ancient Himalayan sea is 
named) vanishes for a time and the rocks 
laid down on its bottom are uplifted and 
converted into dry land. Time and the 
weather again for fheir appointed task 
and after countless centuries we are 
once more set at liberty as loose stones 
and boulders, but only to be made again 
the sport of rivers and of the waves. 
Passing through these, we find ourselves 
once more on the beach of the Tethys 
which had returned to its former coasts 
after its temporary regression to the 
north There, subject to the fury of the 
saves, hurled high in the air along their 
crests and rammed against the abuLling 
cliffs, we worked our way once more 
beneath the watei'. Rounded by the con¬ 
stant rolling, reduced in size by the per¬ 
petual attrition, but otherwise un¬ 
changed, I yet held my own. But this 
ceaseless wear and Lear had by this time 
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ground into dust and sand most of my 
comrades Thanks to the crystalline 
structure and inherent hardness of my 
gram, this fate did not befall me 

"Once more I became sealed up in a 
hard rock-bed A great depression of the 
bottom of the Tethys commenced and 
continued for long penods which carried 
us some thousands of feet below the 
surface of the earth A thick series of 
strata was deposited over the slowly 
sinking sea floor, and we lay in complete 
oblivion of everything in the deep plu- 
tonic regions of the earth’s crust. Pres¬ 
sure and internal heat of the earth im¬ 
parted to us a new gram and molecular 



structure What vast aeons of time suc¬ 
ceeded since 1 thus lay deep in the bow¬ 
els of the earth, and what the history of 
the earth may have been during these 
epochs, it is not possible for me to tell I 
can only say,' that period was long 
enough for many widespread and strik¬ 
ing changes to lake place on the face ol 
the globe—many lands with their high¬ 
lands and mountains were denuded to 
their roots, many new livers, valleys and 
lake-basins were formed, effaced and re¬ 
formed, the coast-hncs of all the coun¬ 
tries were changed beyond recognition, 
in a word, the whole geography of the 
world was profoundly altered In the 
learned language of Science, this era 
during which I lay perdu is known as the 
Mesozoic era of the Earth’s history and 
represents the passing away ol three 
great divisions of geological Lime-1 he 
Tnassic, the Jurassic and the Creta¬ 
ceous The next succeeding era — the 
Cainozoic — was ushered in by a gicat 
reverse movement of upheaval of the sea 
floor, which put an end lo the conditions 
of Ihc Mesozoic times the Tethys was 
dnven back by the steady uprise of Us 
bottom and finally obliterated, leaving 
behind only the modern Caspian and 
the Mediterranean* a.s its shrunken rcl- 
iCvS The strata were wrinkled and pla¬ 
cated into carthrlolds liy (he gigantic up¬ 
thrusts which ensued. The forces ol Plnlo 
were gathered underground lo produce 
ihc ki.sL and mighlicsl change on (he lace 
ol our planel — llic upheaval ol Ihc lli- 
iiialayan chain ol iiiounlains on Ihc site 
ol what was once Ihc tied ol the d’clhvs 
Scarcely was this rcvoliilion cmnpU'lc 
and llic forces ol Nalurc were scllliiig 
down to Ihcir cquilibnum, when llic claw 
ol Iho weather dug inc oiil ol llic rode- 
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bed, once again to play I he part of a roll¬ 
ing stone and repeat my wanderings 
along the sca-beach or the river-bed 1 
will not tire your patience by detailing all 
my doings since then. Incessant and 
neverending change seemed to be my 
destiny. The rolling, rounding and attri¬ 
tion, in rivers and torrents of the new 
mountains, went on, fltiully and with 
long pauses, till at length I reached the 
edge of the Himalayas A broad estuary 
was then covering the site of the present 
Siwalik foot-hills of the Punjab and 
among the deposits that were forming 
there (out of the debns of the newly nsen 
Himalayas) 1 was dropped—my last sta¬ 
tion and present resting place—at the 
identical spot you discovered me in. 

"Thus I came to a brief respite from 
the wandenngs of ages, but my journey’s 
end was not yet. 

"Amid all my peregrinations so far, 
since the infancy of the earth, what 
worlds of living beings both plants anc 
animals, I have beheld' Let me tell you 
briefly of some of the more remai'kable o 
these inhabitants that successively 
peopled the earth. In the early part of th 
narrative I have told you of the impov 
erished conditions of the world when 
was born m the era,* known in Geology 
as the Paleozoic era All the organic ere 
alion was then primitive, simple and 
generalised, m contrast with the vai'iec 
and more specialised fauna and flora 
today In them, it almost seemed Natur 
had tried her 'prentice hand' But as this 
time passed, new animals appeared and 
the older tribes died out, never again to 
appear. One notable feature of these 
successive creations was the progres¬ 
sion from lower to higher types of ani¬ 
mals as well as plants, species multi¬ 
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plied and the general total of life forms 
became more varied but less cosmopoli¬ 
tan, The first important advance, since 
my days, was the appearance of Fishes 
ol a great variety of size and structure 
They were quite unlike the modern 
fishes, and their curiously shaped bod¬ 
ies were encased in large plates of bone. 
Passing beyond the 'age of Fishes’, the 
next remarkable period - the Carbonifer¬ 
ous period of geological history — was 
one in which frog-like creatures appeared 
for the first Lime. The landscapes of the 
time were.heing rapidly changed now by 
the profusion of vegetable life, which 
flourished in rank abundance, thick 
matted jungles of ferb and horsetail on 
every foot-breadth of the soil. 

But froiii these woodlands anything 







THE StORY 
OF A STONE 

higher than the seed fern type of vegeta- • 
tion was absent; their gloomy monotony • 
being broken by huge frog like creatures ; 

the highest class of animals then liv-; 
ing — that hunted them Their dispro-; 
portionate and ungainly bearing ill suited 1 
their dignity as the monarchs of the am- '• 
mal world This period of vegetable su- • 
premacy having closed v/ith the Carbon- ; 
iferous, there next came a period in; 
which-enormous Reptiles were the order! 
of the day. But of these times — the Me-; 
sozoic — 1 have no personal knowledge, 1 
being buried on oblivion deep under the • 
bowels of the earth, as I have just said 
My neighbour, this block of limestone, is ; 
of Jurassic limestone parentage and tells ’ 
ipe the story of his times. He even pos¬ 
sesses, entombed within him, many pre¬ 
vious relics of the life of those days. In 
the air, on the land, and in the water 
there were reptiles of monstrous sizes 
and shapes. Those weird, uncouth giants 
then fulfilled by means of their various 
structural adoptions the offices now held 
by mammals You cannot imagine a liz¬ 
ard as large' as an elephant, yet thelgua- 
nodon fully equalled, if it did not surpass 
him in size One singular creature — the 
PlesiosawdLS — was truly the monarch of 
the seas With the head of a crocodile it 
carried a neck which resembled the 
entire body of al python, a trunk like a 
bison, the ribs of a lizard and the paddles 
of a whale. A fish-like dragon the dreaded 
[chthyesaurus, more than 30 feet in 
length, traversed the depth of waters in 
search of food, that half killed Us prey by 
the stony stare of its eyes, which were a 
full foot in diameter "Winged dragons, the 
Pterosaurus, careered through the air 
I and filled the landscapes with their cu- 
1 nous forms The Jurassic and Creta¬ 


ceous rocks of all parts of the world .are 
full of proofs of what I say, for they con¬ 
tain enclosed within them the petrified 
bones and other remains of all these 
strange creatures. 


V4’ S 






'But before the Mesozoic era closed, 
this over-grown class of reptiles had all 
but passed away The very advantages 
which gave them superiority over the 
other races in their day, viz,, their large 
size and highly specialised organisation, 
unfitted them to withstand the rigours of 
altered circumstances which the suc¬ 
ceeding age brought, and they lost in the 
keen race for struggle for existence 
against the less specialised but more 
hardy and agile races Before they be¬ 
came extinct, a new and higher class of; 
animals had emerged on the stage of cre¬ 
ation, the class of Birds. Wonderful as 
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il. may sound, the birds originaled di¬ 
rectly out of the reptiles. First there were 
bird-like reptiles and then there came 
true birds but with several reptilian 
characters The first such type that arose 
— the one known as Archaeopteryx, in 
the barbarous terminology of geology, 
had, instead of the graceful beak of the 
living birds, formidable jaws set with 
rows of sharp teeth, and possessed a long 
tapering tail like that of a lizard 



"Followed the Cainozoic era — the era 
of modern creation with many living or¬ 
ders of animals and plants, the era in 
which immense Mammals were the kings 
of the earth The old-world families and 
orders of fishes, amphibians, reptiles and 
birds had become extinct and their place 


was laken by newer and more modern 
forms. The earliest progenitors of the 
mammals were the Marsupials and their 
allies. 'Fhese early quadrupeds had com¬ 
bined in them characters and structural 
plans of many widely separated orders 
which were to come later in time Each 
succeeding epoch introduced new forms 
more and more like the living denizens 
of the world of the today. The great 
carmvoros, horse, pig, camel, elephant, 
rhinoceros, hippopotamus, cattle, deer, 
and ape came in due time: the grand 
march of life continued, till almost at the 
close of the era, came Man at the head 
of the procession, the last-comer on 
earth of all its animals Man’s entry on 
the stage of the world was co-eval with 
an extreme change in the climate, 
Sheets of ice covered the northern world, 
while even down to north Punjab, rivers j 
of ice flowed down draining the vast ice¬ 
caps of the highlands. This refrigeration 
slowly culminated into an Ice Age for the 
whole of the northern world down'to the 
latitude of 39 degrees, as the Hinialayas 
completed their elevation Then the ice 
slowly retreated and the climate became 
milder ' , I 

"In the preceding narrative I hgve 
given you brief outline of my autobiog¬ 
raphy My future I begin to perceive! 1 
dimly, though yet in a fcir distant age. 
Do you hear the roar of the river water? 
It is the requiem being sung by it as it 
carries many of my brethren to their 
doom — their dismemberment into fine 
Impalpable silt. 'The same fate awaits me 
as sure as death. For look at the river¬ 
bed and you will discover what is going 
on there. Myriads of the boulders and 
pebbles from this place are torn from 
their site by its hundreds of tributaries 
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in the monsoon, and are being earned 
away grating against one another and 
against the floor They are pushed on till 
the burden is transported to the Jhelum, 
to undergo the same grinding; till the 
Jhelum in its turn transfers it to the 
Indus There mingling with its own enor¬ 
mous load of sediment, washed away by 
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itself and its hydra-headed tributaries 
from the uplands and plains of northern 
India, it is propelled onwards Big boul¬ 
ders are reduced and rounded into small 
ones, these into pebbles, the pebbles are 
again ground are still further reduced or 
decomposed into the finest particles of 
silt and clay Wlren the Indus's journey 
is finished, the whole freight is dis¬ 
charged at its mouth into the Arabia Sea, 
pebble, sand, and silt, there in its tran¬ 
quil depths to rest for a time in horizon¬ 
tal sheets and layers on its floor Out of 
these are formed the future sandstone, 
conglomerate and shales, the bricks and 
mortar ol new lands These will, on some 
distant day, be uplifted from their 
depths, and out of their rums again, will 
.be built newer lands, mountains arid 
continents Thus the process goes on in 
Nature in a never-ending cycle, decay 
and renovation succeeding one another 
as they have done again and again in the 
past, as this narrative of my humble — 
because of a mere stone's — existence 
has shown you". 

Reader, in this story of the humble 
pebble of stone we have learnt some les¬ 
sons in Geology, and got some insight 
into the hidden ways of Nature 

(PS-The pebble, the subject of the above 
nanaiiue, is of while quartzite of older Paleo¬ 
zoic age occunng m the Pir Panjal range oj 
Kashmir, Such pebbles occur commonly in the 
Siwalik deposiis flats Tertiary) of the Hima¬ 
layan loot-hills along their entire length from 
' the Punjab to Assam. 
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11 the states and Union Territo¬ 
ries m India have adopted the 
10+2+3 pattern of education. 
The chemistry curriculum at+2 stage 
has also underwent tremendous change 
to keep pace with the developed coun¬ 
tries. Previously, chemlstiy in general 


and the chemistry of carbon com¬ 
pounds in particular used to be consid¬ 
ered as a subject for ci'amming. Many 
Board examinations also laid empha¬ 
sis on recall of dellnitions and the lacts 
bul now there is a shift from knowledge 
to understanding and application type 
questions. To test how do the students 
at +2 stage perform and what type of 
mistakes do they commit at +2 stage in 
different concepts of chemistry, ques¬ 
tion bank of Lest items on different top-, 
ICS of chemistry have been prepared by 
the author and the tests have been ad¬ 
ministered to the students . The 
present paper deals with the perfor¬ 
mance of students in different con¬ 
cepts of the topic entitled, "Isomerism" 
in Carbon Compounds" A comparative 
study of the achievement of children of 
different schools on this topic forms 
the basis of Ihis paper. 

Objectives 

The study has been conducted keeping 
the following objectives in view : 

(i) to compare the achievement of boys 
and girls on kiiowledge, understand¬ 
ing and application type of items 
separately. 

(iij to assess the difference in the over¬ 
all performance of boys and girls, 

Hypotheses 

The following hypotheses have been as¬ 
sumed for the above study : 

I The female students fair better than 
male students in knowledge type test 
items. • 

II (a) The performance of male students 
is better than the female students in 
understanding type test items. 

(b) The performance of boys is better 
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Lhan the girls in application type test: 
items 

III The overall performance of female stu- ; 
dents IS belter Llian the male students . 

Sample 

The sample consisted of 100 boys and 50 • 
girls studying in Class XI of different; 
English medium Co-educaLional schools ; 
(State and Central Govt, and Private ; 
management schools] of Bhopal city of; 
Madhya Pradesh Slate of Central India . 
The average age of male students was ‘ 
16 5 years and that of female students ; 
was 16 3 years The average percentage . 
of. marks secured m Class X public ex-; 
amination by the male students was 73 6 ! 
and that of the female students was: 
found as 75.4 i e all the students had ob- '• 
tained first division m Class X The topic 
on isomerism in Carbon Compounds is ; 
covered in both state and central-Govt, 
run schools. The total number of periods ' 
allotted to chemlstiy subject is also the ! 
same i.e. 10 periods per week, It was also • 
ensured that the teachers were post¬ 
graduate trained teachers and they fol¬ 
lowed the same medium of instruction 
1 e the English language 

Methodology ; Components of 
Syllabus Tested 

After careful analysis of the topic on, 
isomerism covered in the chapters of hy¬ 
drocarbons and halogen derivations ol 
alkanes and arenes from different books 
of Class XI and Class XII (1-5) the fol¬ 
lowing concepts were identified 
1 Essential condition for Isomerism 
2. Causes for structural Isomerism 

3 Types of structural Isomerism 

4 Identification of chain, position and 
functional isomers 


5 Distinction between Metamers and 
Tantomers 

6 Causes of stereoisomerism 

7 dypes of stereoisomerism 

8. Restricted rotation around C=C bond 
and C5:1M bond in alkenes and oximes 
and C=C bond in cyclic compounds 

9 Identification ol Geometrical isomers 

10 Chirality in optically active isomers 

11. Identification of optical isomers 

12. Resolution of optically active isomers 

13 Optical inactivity of mesomers 

14 No ol structural isomers for a par¬ 
ticular m f, 

15 No ot structural and geometrical iso¬ 
mers lor a particular m f 

16 Identification if isomerisms a syn¬ 
thetic compound. 

Based upon the above concepts, 45 
multiple choice test items on isomerism 
were developed and ai’e given under clini¬ 
cal testing of items The students of the 
selected schools were given an advance 
notice ol one week to prepare for I he test. 
The test on 45 test items was of 45 marks 
and the time allotted for the test was also 
45 minutes. The test was administered 
to the students in the month of Novem- 
ber’95 when these concepts has already 
been taught in all the schools Chemis¬ 
try teachers of the respective schools 
were also associated during the admin¬ 
istration of the test. 

Achievement Test 

Based upon different concepts and sub- 
concepts on the topic of isomerism in 
carbon compounds, 45 test items were 
developed All the test items were of mul¬ 
tiple choice having four alternatives with 
only one criterion response More than 
one test item were prepared on a single 
concept to bring variety in the items and 
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to check whether the students respond 
coiTectly with minute variation in stem of 
the question, Out of 45 test items, 11 
were of knowledge type, 27 of under¬ 
standing type and 7 of application type. 
The major item content of all the 45 test 
items is given in Tables 12,13 cind 1 4 
under clinical analysis of test items. 

Analysis 

For assessing performance of students, 
each test item has been given one mark. 
Negative marking for wrong response 
has not been done Each correct re¬ 
sponse has been awarded one mark and 
the wrong response zero Thus the test 
paper was of 45 marks and the score of 
each student has been determined out 
of 45 marks, The data have been pooled 
iteniwise, Itemwise percentages of correct 
responses for both boys and girls have 
been computed separately for knowl¬ 
edge, understanding and application 
type items. In knowledge type items, the 
mean score is out of 11 marks, in un¬ 
derstanding type out of 27 marks and in 
application type out of 7 marks. 

Gender Differences 

Gender differences have been determined 
in terms of knowledge, understanding 


and application level of students with the 
help of’t’ test (6) and percent correct 
responses, Overall performance of boys 
and girls in all the 45 test items has also 
been assessed. Mean score, S,D knd 'f 
values and average percent correct re¬ 
sponses of the students in all the above 
mentioned abilities have been given in 
Table 1 1 

Knowledge Level • The test consisted of 
11 test items (25%) at knowledge level. 
From the values given in Table 1 1 it is 
clear that the mean score of-girls (4.82) 
is better than that of boys (2 38). Aver¬ 
age percent correct responses in case of 
girls have been found as 48.55 as com- 
pai'ed to 28 91 of boys i e girls have done 
better as compared to boys Statistical 
analysis reveals that the’t’ value for df 
148 IS found to be of the order of 2 93 
which IS higher than the table’t' value 
of 2 35 at .02 level and 2 61 at .01 level 
indicating that there is a significant dif¬ 
ference m the performance of students 
aball levels and swing being m favour of 
girls. Hence hypothesis No.l that girls do 
better than boys in knowledge based 
items is retained. 

Understanding Level • 27 items (60%) 
were of understanding type. Perfor¬ 
mance of boys and girls m terms of their j 


Tadi.e 1 1 

Comparison df Performance of Boys and Girls 


Ahihly 

No oj Sex 
items 

N 

Mean 

S.D 

value Dilfeience 

Porceni correct 
responses 

Knowledge 

11 

Boys 

100 

3 38 

1.81 

2,93 

Significant 

28 91 


, 

Girls 

50 

4 82 

3 21 


(p < 01) 

48 55 

. Understanding 

27 

Boys 

100 

8,21 

3.78 

4 28 

Significant 

30 48 



Girls 

50 

10 64 

2.96 


(p < 01) 

39 41 

Application 

07 

Boys 

100 

1 13 

1 02 

2 35 

Not Significant 16 54 I 



Girls 

50 

1 52 

0 92 


(p > 05) 

21 43 

Overall 

45 

Boys 

100 

13 35 

3 93 

5.40 

Significant 

.27 93 



Girls 

50 

19 00 

6 79 


(P^ 05) 

38 84 
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mean score S D ,’t’ values and percent ■- 
of correct responses is given in Table 1 1 ■ 
In these items, the mean scores of boys; 
and girls out of 27 marks have been; 
found as 8 21 and 10.64 with S.D. val-; 
ues as 3 78 and 2 96 respectively The 'f ! 
value for df: 148 is found to be of the', 
order of 4 28 which is much higher than | 
the table 'f value of 2 61 at 01 level ; 
Hence there is a significant difference in ; 
the performance of boys and girls, the tilt; 
again being in favour of girls This is fur-1 
ther supported by the average percent I 
correct responses which is 39 41 in case •' 
of girls and 30 48 in case of boys Hence ■ 
statistical data reveals that hypothesis ; 
No II (a) that the performance of boy stu-l 
dents in understanding type test items is', 
better than girls is rejected '■ 

Application Level: Only 7 items (15%) j 
had been framed for the test to check the; 
application level of students i.e whether ; 
the students can really attempt better; 
on coming across to totally new situa-: 

- tion on the basis of their knowledge and • 
understanding. The mean scoiie oul of 7 • 
marks, S.D 'f value and percent correct; 
responses of boys and girls are given in ; 
Table 1.1 From the-data given in the; 
table, it is amply clear that on an aver- i 
age out of 7 test items only one could be • 
attempted correctly by boys whereas girl • 
students did slightly better The T value ; 
for df: 148 is found to be 2 35 which is; 
lower than the table T value of 2.61 at: 
01 level but equal to the value of 02 level! 
meaning thereby that there is no signifi- i 
cant difference in the performance ol '• 
boys and girls at 02 level On on aver- ; 
age only 16.54 percent boys have written] 
the correct responses, as compared to] 
21 43 percent of girls Though there is a. 
slight swing in favour of girls but no sigl. 


mjicant difference at .01 level. Hence hy¬ 
pothesis II (b) that the performance of boys 
in application type items is better than 
girls in rejected 

Overall Performance ■ On pooling all the 
correct responses of the students, the 
perlormance of girls has again been 
found better The 't' value of 5 40 and 
other data given in Table 1 1 indicate that 
there is a signficant difference in the 
performance of boys and girls and tilt is 
in favour of girls Thus hypothesis III that 
the overall performance of girls is better 
than hoys is retained. 

Clinical (Itemwise) Differences Clinical 
analysis of individual test items has also 
been done to find out difference in the 
performance of boys and girls For this 
purpose, analysis has been done sepa¬ 
rately for knowledge type*, understanding 
type and application type test items The 
differences have been measured in terms 
of pereentage ol correct responses sepa¬ 
rately by boys and girls. 

Itemwise analysis has been clone under 
the following three heads — 

Knowledge based Test Items Eleven 
test items no. 1, 2, 3, 5, 8, 11, 12, 22, 
30, 31, 32 and 38 were kept in the test 
paper to test knowledge part of the stu¬ 
dents. These were based upon tacts, in¬ 
formation, delinition, recall etc On an 
average only 28 91 percent of boys and 
48 55 percent ol girls could attempt 
these items correctly Itemwi.sc percent 
correct responses ot the above items are 
given in Table 1.2, 

The weakest position ol boys has 
been found in the concept of resolution 
of a racemic mixture into d and 1 forms 
{Item No 8) wherein only 15 percent ol 
the boys could give the correct response. 
In case of girls, writing ol structure of 
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Table 1 2 

Compaiison of Students in Itaowledge based Test Items 



1 

Causes ol optical isomeiisni 

ISO 

50.0 

3, 

Naming ol Functional isomei ot Ethanol 

45.0 

48.0 

5. 

Stiminie ol Functional isomei ot Ethanol 

17.0 

' 20.0 

8. 

Phenomenon of Resolution 

15 0 

. 56.0 

11 

Essential ('ondition ot same 
m.t lor iaomertsm 

55 0 

86.0 1 

12 

Isomeilsdtlon ot eonveision ot 

NH^ CNO to I-f^ NGONH,, 

22 0 

38.0 U 

22, 

Essential condition ot same 
molai mass lor isomerism 

39.0 

68.0 

.30, 

Instmment tor disllngnishmg optical isonieis 

27.0 

46.0 

31 

Optical inactivity ol lace.mic 
mlxluie due. to inteinal compensation 

25 0 

40.0 

32 

Asymmetnc. I'ai'bon atom responsible tor optical 

33 0 

40.0 


Isomensm 



38 

Taiilomeilc. forms ol Aceto acetic ester 

24.0 

42.0 

_ 

Ovei all average % ot Coirec.t Re.sponse 

28.91 

48 55 


fund londl isomer of ethanol proved to be 
the toughest eoneept wherein only 20 
peroe.nl of them attempted the. question 
coirectly. Only 17% of the hoys gave cor- 
red response in this item. 

The. essentia] oondltion of same mo¬ 
lecular formulae for isomerism (Item 
No.l 1') has been found as an easy item 
in which 55% of boys and 86% of girls 
responded conectly. Item no.-l and 5 ai'e 
almost the same. In item no.3, name of 
Isomer of ethanol has been asked 
whereas in item no 5, stimcture of isomer 
of ethanol is to be identified. By chang¬ 
ing the stem of the item from name to 
stixicture. of isomer of ethanol the per¬ 
centage of coiTCct responses deciea.sed 
appretaably from 45 to 17% in case of 
boys and from 48 to 20% in case of girls 
I from item no 3 to Item no,5, Similarly 
item nos 1 and 32- aie almost the same 


In item no.l, presence of four different 
dtoms/groups attached to the same car¬ 
bon atom has been taken, as the real 
cause of optical Isomeilsm whereas in 
item no.32, ft has been replaced by the 
word a.symmetnc. carbon atom’, In case 
of boys the percentage of con'ect re¬ 
sponse decreased from 33 0 In item 
no.32 to 16.0 in item no 1, This may be ^ 
due to the fac;t that (he teim ’Asymmet-' 
lie carbon atom' is commonly used in 
. books and explanation of the teiTn did 
' not help the boys (o really understand 

• the cause of optical isomerism. Almost 
; the same trend has been observed in 
; Items no.ll and 22. Simple change of 
1 tenn, the same molecular formula’ in 

• item no.ll by the same relative molar 
; mass in item 22 reduced the pertent of 
; coirect responses appieciably from 55 0 
- to 39.0 in case of boys and from 86 0 to 
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68 0 in case, of girls. Thus it oan be iri- Underslandmq Based Test Hems 27 
feired that even in knowledge type, items • Items 2, 4, 6, 9, 10, 18, 14, 15, 16, 17, 
change of teinis connoting the same ; 18, 19, 21,23, 25, 26, 29, 33, 34, 35, 36, 
meaning changes the re.spon.ses to a : 37, 39, 40, 43, 44 and 4 5 were of unde.r- 
great extent. ' , •' standingtype Am-floil hasbeen'made, to 

TABUi 1.3 


Comparison of Performance of Students in Understanding Base Test Items 


Item 

No. 

Item Content 

Correc'l Responses 
(pen ent) 

Male Female 

2 

Name ot isomerism not found in alkenes 

24 0 

40 0 

4 

Iclentltie.ation ot geometrical isomensm in 

45 0 

64 0 

6 

derivatives ot propane, butane, and pentane 

Essential condition toi stereoisomerism 

40 0 

48 0 

9 

Identitieation ol optical isomer (on 1 ot l-Biitanol, 

24,0 

40.0 

10 

1-propanol, 2-('hlorobiitane and 4-pentanol) 

Identitieation ot chain isomers 

50.0 

56 0 

13. 

Identitieation of optical isomei out ot leri butyl alcohol,' 

9 0 

22.0 

14 

isobutyl alcohol, n-Biilyl alcohol l-chloio-l butanol) 

Identitieation of Metameis 

21.0 

26.0 

15 

Position isomeis of Piopanol 

29 0 

38 0 

16 

Position isomeis ot nltrophenol 

.36 0 

46,0 

17 

Identitieation ot isomensm In butene-2 

08 0 

48.0 

18, 

‘Naming ot Isomerism In ^ H 

42,0 

60,0 

19 

= C 

H, CH, 

Naming ot Isomensm in H C-CH=CH-CH ’' ■ 

24 0 

,52,0 

21 

Identiticabon of geometrical Isomerism In 

34.0 

42 0 

23 

acetylene and ethylidene derivatives 

Identitieation ol optical isomensm In dltteient butanols 

18,0 

46 0 

25 

Isomensm in lactic acid 

35.0 

42.0 

26. 

Identitieation ot compound (lactic acid) showing optical isomerism 

43,0 

40.0 

29 

No ot isomers in Cl 

27.0 

22 0 

33, 

Ditteience between tantoraeis & functional isomeis 

24.0 

28,0 

34, 

Chiiality in oiganic molecules 

18,0 

30,0 

35. 

IdenlUicallon of geometrical isomei out ot 

23.0 

42,0 

36. 

2-Biitene, 2- Butanol & 1-Butanol 

Identification ol optical isomer liom a given set of compounds 

33 0 

24,0 

37 

Identification ot me.tame.rs 

31.0 

48,0 

39 

No, ot slnicluial isomers to C^H^Bi, 

.53.0 

40,0 

40 

No. ol stmctuial Isomers tor C„HjCI 

27.0 

22,0 

43. 

No. ot open chain stnjcliiral isomers tor C,|H^ 

22 0 

38.0 

44 

Compound non-lsomenc with diethyl ether 

22.0 

16.0 

45 

Identification ot geomeincal Isomer out ot 2-Bulyne, 2-Butanol 
C,H,-CH=CH=COOH and 1-Butanol 

23 0 

44.0 


Oveiall Average Pei cent conect responses 

30,19 

39.41 
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check the understanding level of the stu- 
dents with the help of these items. Per¬ 
cent correct responses of boys and girls.on 
these items have been given in Table 1 3 
On an average 30 19 percent of boys 
and 39.41 percent of girls could attempt 
the above items correctly. Amongst these 
hems item No 13 on identification of op¬ 
tical isomer (out of Lert butyl alcohol, 
isopropyl alcohol, n-butyl alcohol and 1- 
chloro-1-butanol) has been found very 
difficult for boys with only 9 percent cor¬ 
rect responses whereas 22 percent of the 
girls could attempt,it correctly Item 
no 44 on identification of compound 
non-isomeric with diethyl ether proved 
very tough for female students m which 
only 16 percent of them could give the 
correct answer as compared to 22 percent 
of the boys 

In ten Items namely identiticatlon of 
optical isomerism in different structures 
of butanol (Item 23), Chilarlity in organic 
molecules (34); identification ofmelamers 
(14); No. of open chain structural Isomers 
for C^Hg(43); identification of geometrical 
isomer (out of 2-Butyne, 2-Butanol, 
C,H5CH=CH=C00H and 1-Butanol) (45) 
and similar item on identification of geo¬ 
metrical isomer (out of 2-Butyne, 2- i 
Butene, 2- Butanol and butanol) (35); dif¬ 
ference between tautomers and func¬ 
tional isomers (33); naming of isomensm 
in CH^CH=CH-CHg (19); naming of isom¬ 
ensm not found in alkenes (2) emd identi¬ 
fication of optical isomer out of 1- 
Propanol, 1-Butanol, 2-Chlorobutane and 
4-Pentanol (9) only 22 to 24 percent of 
boys have given the correct response The 
performance of female students m these 
ten items is found much better as com¬ 
pared to boys where the correct responses 
ranged between 26-52 percent 


Fifty percent boys and 56 percent 
girls have given the correct responses for 
the item on identification of chain iso¬ 
mers which is comparatively a simpler 
concept 53 percent of the boys could i 
identify the number of structural isomers 
for C^HjBrj correctly as compared to 40 
percent of girls 

Three test items nos. 17,18 and 19 
had been framed on identification of 
isomensm in butene-2 by writing it m 
three different ways i e butene- 2(17) 

Hs. 

H 3 C C 3 H (IS) , , 

and H 3 C-CH=CH-CH 3 (19). It has'been 
found that max. number of students 
(42% boys and 60% girls) and given the 
correct , response form items no 18 in 
which the structure has been written very 
clearly meaning thereby that clarification 
of structures of molecules makes the con¬ 
cept simpler and easily comprehensible. 
This inference is further supported by 
item no 13 in which only names and'not 
structures of alcohol had been given and 
the response of the students has been 
found very poor with only 9% boys and 
22% girls responding correctly. 

Item no 29 on number of isomers in 
C^H^CI also involves understanding of 
different structures of position isomers 
and has been poorly attempted by the 
students m which only 27 percent of 
boys and 22 percent of girls could at¬ 
tempt it correctly. Thus it is irferred that 
understanding of carbon compounds can 
be accelerated by asking the students to 
practise for writing structures of the com¬ 
pounds 

Application Based Test Items .Only seven 
items no.7, 20, 24, 27, 28, 41 and 42 
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were of application type i e only 15% of 
the application based items were kept 
in the test Percent correct responsesfor 
these items ranged between 5 0 to 25 
percent in case of boys and from 8.Q.to 
40 0 percent in case of girls i e, none of 
the items could be attempted correctly by 
more than 25% of boys and 40% of girls. 
Percent correct responses of these seven 
items are given in Table 1 4. 

From item no 7 in Table 1,4 , it is in¬ 
ferred that identification of a compound 
obtained as a result of different steps 
synthesis and isomerism therein proved 


tempted correctly only by those students 
who have really understood the 
tetraualency of carbon andjraming of dif¬ 
ferent stiuctures foi compounds and hav¬ 
ing the same mf hut different properties. 

Conclusion 

The comparison of performance of boys 
and girls in the topic on ’Isomerism in 
carbon compounds' reveals that there is 
a significant differences in the perfor¬ 
mance of boys and girls in knowledge as 
well as understanding based items In 
these two areas statistical differences 


Table I 4 

Comparison of Performance of Students In Application Based Test Items 


Item 

No. 

Item Content 

Coned Responses 
(percentj 

Male Female 

7. 

Identification of isomerism in a synthetic compound 

5 0 

18 0 

20 

No of aliphatic isomers for C^Hg 

20.0 

22 0 

24, 

Identification of the optically active isomer 
out of aliphatic and heterocyllc compound 

28 0 

24 0 

27, 

Type c)f Isomerism in compounds with m f. 

18.0 

26,0 

28 

Mesomerism Vs Resolution 

15 0 

12 0 

41 

No. qf^ttuctural isomers for open 
chain alkene of m f 

25 0 

40 0 

42, 

No of structural isomers for C^Hg 

15.0 

8 0 

Overall Average Percent Correct Responses 

16.57 

19.71 


a very difficult task , for the students as 
only 5 percent of boys and 18 percent of 
girls could attempt it correctly. Similarly 
the phenomenon of Mesomerism apd 
resolution (Item no 28) and determina¬ 
tion of number of isomers — structural 
and Stereo for a given m.f. (20.27) also 
proved a difficult area where onl y around 
20% of the students could re^jchit^ir' 
tenon response. Such items can, 


have been found in favour of girls. In ap¬ 
plication based items boys and girls have 
done very badly wherein the average 
mean score out of 7 marks is found as 
1,13 in case of boys and 1,52 in case of 
girls. On an average only 16.54 percent 
of boys and 21 43 percent of girls have 
^iyep^thg gp^ect rggponses. Analysis of 
data Injic ii* 1" j|i. i(‘■ of dif- 
■ ■ i*" In ...■ ■'getype 
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items attempted correctly by 50 percent ■ 
of students, understanding type by 40 ; 
percent of students and application type ; 
attempted correctly by 25 percent stu- ; 
dents correctly have been termed as the 1 
dilficull items and are given below . 

Except item no. 11 on "Essential con- • 
dilion of the same m.f. for Isomerism, all; 
other ten knowledge based items proved ; 
difficult for the students. In case of under-' 
standing type items except items 
no.4,6,10,18.26 and 39 all other 21 items 
fall under the categoiy of difficult items as 
none of them could be attempted correctly 
by more than 40 percent of students. 

Only one item no.41 out ol the seven 
application based items could be re¬ 
sponded correctly by 25 percent of boys 
and 40 0 percent of girls Responses in 
all items remained very poor 

Keeping the above results in view, 
the teacher are requested to pay special 
attention to the following components 
of the chapter on isomerism , 

Causes of optical isomerism & iden¬ 
tification of compounds showing op¬ 
tical isomerism 

Cause of optical inactivity of meso 
lorms 

Resolution of d & 1 isomers from the 
dl mixture 

Isomerism in alkanes and alkenes 
Causes for geometrical isomerism 


and compounds showing identifica¬ 
tion of geometrical isomerism , i 
Metamerism and identification of 
Metamers 

No of isomers and their structures 
corresponding to a particular m.f i 
Diflerencc between tautomers and 
functional isomers 
Chirality m organic molecules 
It is suggested to use the ball and 
stick models to derive different isomers 
corresponding a particular m.f. The stu¬ 
dents may practise to denve different ar¬ 
rangements both structural and con- 
liguraLional using different permutation 
and combination. This will help the. 
learners to understand the concept of 
isonieiisin and different types of isomer¬ 
ism when they will find themselves be¬ 
fore their own eyes the formation of dif¬ 
ferent compouns having the same num¬ 
ber of carbon, hydrogen and oxygen at¬ 
oms but different properties. More em¬ 
phasis IS also required on the explana¬ 
tion part of the technical terms like 
chirality, asymmetric carbon atoms, 
resolutions and practice of the detailed 
structures of compounds and explana¬ 
tion with the help of tetravalency of car¬ 
bon atoms. It is hoped that by following 
these little suggestions, the teaching 
learning process of carbon compounds 
can be accelerated 
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rrors are normal occurrences in 
the process of learning. Certain 
types of mathematical errors 
are continually repeated by students duo 
to the uses of flawed procedures which 
arc quite unrecognized by the teacher. 
To make accurate inferences about the 
state of the underlying knowledge stme- 
ture IS virtually impossible without an 


extended error analysis Observable er¬ 
rors, provide insightvS into the learning 
process and an analysis ol the nature 
and pattern ol sludenls errors polcn- 
Lially useiul for devising more cllceiive 
Leaching strategies. Error analysis is a 
method of inferring the informaiion pro¬ 
cess path or about the nature of mental 
process in mathematics thinking As 
stated, errors represent a window 
through which glimpses of mental func¬ 
tioning can be obtained (Fisher and 
Upson, 1986) They indicate some mis¬ 
conceptions about tundamcnlal aspects 
in mathematics (Kar, 1993] 

Large numbci- of typical errors are 
documented m the hlcralurc (Young, 
1981): Keedy, 1983, Marquis, 1988, Par¬ 
ish and Ludwig, 1994, Ben-Zeev, 1995). 
A few classes of errors have been widely 
recognized These include slips (occa¬ 
sional eiTors) and hugs (persistent en'ors) 
m perlormance of procedural skills 
(Fisher and Lipson, 1986). The sources 
of errors serve to emphasise the need for 
teachers to ask right questions and take 
neccssai-y remedial steps It can guide 
teachers in largeling their lesson plans. 
By better understanding students’ con- 
slrucis in a particular domain and by 
designing teaching methods that ad¬ 
dress these constructs, one can become 
more effective teacher, A student can use 
his/her errors to develop a deeper un- 
dersiandmg of a concept as long as the 
errors can lie recognised and appropri¬ 
ate informalivc leedhack ('an be ob¬ 
tained Simple telling students the right 
way is not enough to eradicate the deep- 
sealed misconceptions. The task is to 
identify the error, explain the right ap¬ 
proach and also suggest how the mis¬ 
conceptions arose The present study 
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attempled to study the errors done by 
primary students on each concept of 
mathematics in Minimum Levels of 
Learning (MLL) curriculum and analyzed 
the nature and sources of errors. 

Method of Study 

The standardised Mathematics Achieve¬ 
ment Test (MAT) based on the MLL cur¬ 
riculum formulated by the National 
Council of Educational Research and 
Training (NCERT) was administered to 
326 students of Grade IV inMaharashtra 
The students were required to respond 
the mathematics items using multiple 
choices. Instructions were followed by 
blackboard illustrations. Students were 
instructed not to linger on any question, 
if they were not able to solve It,. They were 
told to do rough work on the apace pro¬ 
vided against each question and could 
use backside of the page if needed. Indi¬ 
vidual help was rendered to students 
' who had doubts Enough time was given 
both for the students to understand the 
examples and for completing the test 
The nature and possible origin of errors 
were identified based on the observations 
of procedures that the students adoptee 
to solve the problem (available from the 
note sheets),’ and through informal dis 
cussions with students. In some cases 
the procedure followed by students for a 
particular problem leading to wrong an¬ 
swer were not clearly marked from the 
note sheets (the space available against 
each item to be used for rough .works). 
This led to seek students' help and the 
concerned students were interacted care- 
^ fully to introspect the methods that they 
adopted to solve the problems. The inter¬ 
action of this type with about 20 percent 
of the error makers provided a lot of in¬ 


sights to understand the causes of er 
rors. Arguments made by the students 
were analyzed critically and the type ol 
error was named depending upon its ori¬ 
gin. 

The mathematics items presented 
below would represent a sample of the 
error types which had been observed In 
the classes of primary schools. It was noti 
possible on that part of researchers to 
Pbserve and analyze errors In all math¬ 
ematical areas at pnmaiy levels due to 
time constraints and Insufficient clues j 
available from note sheets and students' 
report. Still the errors observed in soin4 
specific mathematical problems related 
to some selected areas of mathematics 
would ask for due consideration. 

Analysis of Error 

1. How is 79 written in words? The four 
response categoriep from which students 
had to recognise were—(1) Ekonanawad, 
(2) Ekonaishi, (3) Ekonasattar, and 
(4) Ekonasath. The correct response 
(no.2) was given by about 70 percent of 
the students. The wrong answers mainly 
revolved around the response category of 
no 3 About two-third of the error mak¬ 
ers responded on this. The majority of the 
students committed error by finding a fa¬ 
miliarity between the digit 7 as 10th unit 
in 79 and the word sattar in the word of 
ekonasattoj-. Some other students (about 
9% of the error makers) did mistake by 
equating thfe digit 9 to 79 withnaujod in 
the word of ekonanawad. Thus, the er¬ 
ror in this case produced by associative 
properties of mathematics terminologies 
in relation to digit numbers. 

2. - On place value, the question read like’ 
‘what will be the number when Itis 10th 
unit digit is zero, unity ^digit is, 9, and 
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100th unit digit is 1? While one-third of 
the students could answer correctly, 
about 18 percent of the students could 
not answer, Of the error makers, more 
than two-third answered as 190 These 
students even were able to write a three 
digit number correctly but they did not 
have clear understanding of the place 
value. In the above case, they wrote the 
digit serially as per usual practice of 
writing a three digit number. But the 
question here might be that 'why they 
then did not start from left side as 091 
rather from right side as 190? The pos¬ 
sible answer here is that, they are very 
much aware that writing zero in left has 
no value, as such put it in the right side 
and move towards left by putting 9 and 
1 serially Of the error makers, about 
one- fourth answered as 901 Here these 
students perhaps could trace out the 
10th unit as middle digit but got con¬ 
fused over unity and 100th unit whether 
to be put in left or right Since they usu¬ 
ally start from the left, put 9 m the left 
as it was asked first and 1 in the right 
side of the zero. It was felt that the error 
in this case caused by the confusion over 
the recognition of unit place because of 
day to day practice of writing from left. 
This may have implication on teaching 
the place value TeachEr should not get 
confirmed that once the students are 
able to write a.multi-digit number as per 
pronunciation, has understood the con¬ 
cept of place value. The multi-dimen¬ 
sional exercises could help teachers to 
understand the problems and accord¬ 
ingly could take the remedial measures. 
According to the theory of learning, 
learning through discnmination helps in 
better conceptualization (Heidbreder, 
1947). The exercises of various types 
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where students have to identify the unit 
place of a number or vice versa, there¬ 
fore, could help students for better leaim- 
ing. 

3 What is the addition of these num¬ 
ber? 

5 

+69 

+796 


It was seen that those who did incor¬ 
rectly (about 20%), answered 860 and 
850. Among these students a little more 
than half answered on 860 and remain¬ 
ing on 850 It was found out that those 
who answered 860, the error was mostly 
due to predominant tendency of cari 7 
over of 1. The main criterion that when 
the addition of digits give a number more 
than 10, carry over starts. This idea 
dominates while solving a problem in¬ 
volving a carry over While a few of the 
students showed, the way they did this 
problem it was noticed that in a natu¬ 
ral way they uttered the digit 1 while 
adding the carry over digit with the 20th 
unit digits, even the adding of digits of 
unity gave the number 20 This was very 
much psychological in nature and found 
consistent with the essence of learning 
theory that a 'core principle' sometimes 
dominate to influence the later learning. 
The other group who showed 850 as re¬ 
sult, the error was essentially a practice 
error, It was seen that almost all students 
who answered correctly write the addi¬ 
tional 2 of first column addition on the 
above of the second column and add it 
with other digits while start on second 
column. But most of the error makers of 
850 were not habituated in writing this 
.way As a result they forget while adding 
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Ihe digits o( second column This tmgiil 
have an implication on Ihe classroom 
practice Teachers should make it a poinl 
so that cveiy student should wide tin' 
addlLional values on the above ol leJl side 
column, especially in the early si age 
when the concept ol carry over is taught. 

4 On subiractidn problem as given be¬ 
low, only 40 percent of the students had 
a coiTect answer Other responses falling 
on wrong answer categories showed that 
the main problem in subtraction was re¬ 
lated to 'borrowing' and especially when 
'zero' involved The problem reads like— 

Wlaat IS the subtraction ol this ? 

806 

-168 

The wrong answers of 738 and 648 
were most common. The interaction with 
the students on this problem led to con¬ 
clude that students knew 'borrowing; but 
they misunderstood that from immediate 
next column digit it could be borrowed 
When a problem with the involvemenl 
of 'two digits' and 'no zero' was given they 
could solve it correctly. The misconcep¬ 
tions related to zero therefore, need spe¬ 
cial attention Another peculianty was 
noticed with some of the students, They 
borrowed from third column for the firs 
column finding zero in between which is 
perfectly correct but they did not under 
stand what would happen to zero when 
borrowing was done crossing over it. The 
preconception that when numerator is 
less lhan denominator, there should be 
borrowing led them to borrow again for 
zero in second column. Secondly,* the 
idea that you can borrow once from a 
digit led to make, 8 as 7 not as 6 even after! 
one 'wrong borrow' for middle column. ! 
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,5 'Ihe error on the rpiestion related tt 
'mullipliealion with zero' yielded an im 
])oilaiil e,v.planalkm The ciue.slion like 
= '•> gave rise to Ihe eirors with 
highly eognitive explaiialion 11 was seen 
that Ihe eonecplion that develo])cd by 
eUnssrooin instruetion was verv much 
logical hul was tound erroneous The ex¬ 
pected answer to the above qiioslionj 
could have been either zero (when prop¬ 
erly learned) or 207 (when the role o[ 
zero is not learned), which oi course was 1 
answered by about one-lhird of the stu¬ 
dents. But error due to the answer of 9 
revealed that students’ understanding 
and explanation was perfeedy consistent 
with the classroom instruetion. The ar¬ 
gument that the teacher teaches the con¬ 
cept of 'multiphcalion with zero' This 
specific instruction remains a 'core prm- 
('iple’ for the above problem According to 
the students' understanding when 
'something (number) is multiplied by 
zero' the result is zero, but 'if the zero is 
multiplied by something (number)’, it (s 
not zero Therefore, when zero comes 
first and number second, it deviates from 
the ’core principle'. The result becomes 
equal to the number which is multiplied 
with zero by the application of another 
important principle that "when zero is in 
left, it does not have value" So, this must 
have definite implications on teachers' 
instruction related lo multiplication and 
zero 

6. In the problem related to conversion 
of addition and multiplication such as 
"how the addition of 7-1-7-1- 7+ 7+ 7+ 7+] 
7+ 7+ could be wriften in multiplication 
form. About 25 percent of the students 
answered as 7-1-7 aqd about 10 percent 
answered as 7-1-8 This error seemed due 
to inadequacy of conceptual understand^ 
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ing that the result of addition of all dig¬ 
its will be equal to the result of its mul¬ 
tiplication form 

7. The error related to a problem of di¬ 
vision was as follows. The question, i.e 
808 - 8 = ? exhibited error mainly related 
to the concept of zero. Majority of the 
students who did mistake answered it 
11. From the procedural analysis, it was- 
seen that the students alter first step of 
division they get zero by the subtraction 
of 8 from 8 In the next step they bring 
the second digit i.e zero down They 
found two zeros after second step and 
the devisor can not be used In third 
step they bring the third digit 8 to down 
and find that the number is 008 They 
lake out two zeros as they do not have 
value being in left side Now they divide 
the remainder by divisor by putting 1 in 
quotient, thus, adding one more 1 to the 
earlier one and the result is 11 The pro¬ 
cedure is as follows— 

_8j «08l_il 

8 

008 

_ ^ 

0 

In the second step the idea that "af¬ 
ter bringing digit from dividing once, if 
the remainder still remains less than de¬ 
visor the zero should be put in the quo¬ 
tient place", is dominated by the earlier 
learning that "zeros in the left side have 
no value" The error due to the above rea¬ 
son IS found consistent with the idea of 
interference theory of memory 
8 , The students while answer the factual 
question in weight/measurement, the 
errors ai-e assumed to be triggered by the 
confusion over unit place. In case of both 
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litre and milli litre, and kilogram and 
gram, confusion was over 1000 and 100 
unit place They answer 100 in place of 
1000 The students think that the num¬ 
ber system goes up to 100 , therefore the 
maximum value m any unit of measure¬ 
ment can be 100 Students get confused 
over the number of factors involved in the 
unit of measurement like metre, 
centimetre, decimetre, litre, gram and so 
on, and the equations which usually 
ranges from 10 to 100 The errors in the 
area of weight/measurement are mainly 
rooted in this complexity. The teachjng 
of this mathematical concept therefore, 
needs special attention. 

9 On the problem related to time and 
period, it was seen that the difficulty of 
clock reading was more as compared*to 
day and date, and hour and minute In 
clock reading, the error was produced by 
the students' wrong notion on direction 
of movement of hands and multiplica¬ 
tion with 5 m case of minute hand To 
the time of 6 hour 25 minutes, about 22 
percent of students recognised 7 hours 
25 minutes whereas about 12 percent of 
the students recognised as 6 hour 5 min¬ 
utes In both the cases the students have 
inadequate knowledge Moreover, they' 
perhaps had not come across situations I 
where this wrong notion could have been 
rectified by teachers. The learning of tim¬ 
ing therefore, needs practical experience 
along with factual information. 

10. Although, fraction was found most 
difficult area of rhathematics at pnmaiy 
stage, the error observed here was per¬ 
ceptual in nature In a rectangle like fig¬ 
ure, there were 6 equal segments and 
two of them were shaded, The students 
were required to find out the proportion 
of shaded portion to total figure The er- 
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ror was found in recognizing two shaded • comes apparent that major aspects of the 
units as two separate units and taking; response error are rooted In an alterna 
them out from other four unshaded 
units, thus divided 2 shaded by 4 un¬ 
shaded Instead of total 6 units. Others 
took shaded portion as 1 unit and di¬ 
vided it by 4 clearly visible unshaded 
units and got a result of 1/4. So they did 
not perceive that on a ground of 6 units, 

2 units were shaded, so 2 shaded portion 
has to be divided by the total of 6 units 
of the figure When the figure showed 
two different flgural representations, the 
usual tendency of grouping m perceptual 
field operated to influence the math¬ 
ematical reasoning, thus led to error. 

11. Lastly, the error in the area of geom¬ 
etry was seen In a figure recognition 
problem. The error was related to Iden¬ 
tification of rectangle among other geo¬ 
metrical figures, The error was found 
rooted in the classroom instruction. The 
students were found having the knowl¬ 
edge of basic properties of rectangle by 
the presentation of figure from different 
angles —horizontal, vertical and angular, 
triggered the error Students identified- 
the figure presented in horizontal way as 
the rectangle. Their answer was justified 
by the classroom instruction. While 
teaching rectangle, students were shown 
examples of rectangles in a horizontal 
way This figural knowledge of rect¬ 
angle restricted the application of rules 
to the figures presented in a vertical 
and angular way Another type of er¬ 
ror was produced by the process of 
generalization. Some of the students 
who could identify all rectangles, In¬ 
cluded the square with them by apply-; Interest to teachers and parents, who 
ing the rectangle rules, • 1 concern about the common errors their 

From the above error analysis it be- • students/children make. It is realised 


tlve undcrsiandable pattern of rules, The 
students tiy to bring their nfind the pro¬ 
cedure, the rules that they have learnt to 
previous class redated to different math¬ 
ematical concept. In reconstructing the 
rules in a difl'erent situation they create 
gaps with regard to concepts, rules and 
the steps of procedure. Very often these 
gaps are filled by the students in their 
own alternative ways, producing re¬ 
sponse errors. The present findings re¬ 
lated to nature and origin of errors were 
found consistent with the findings of 
other researchers (Vanlehn, 1990 and 
Young, 1981). Errors were the result of 
Incorrect Induction from examples 
(Benzeev, 1995). Most of the errors iden¬ 
tified in this study were- produced by a 
process of dualism i.e. a different rule 
when zero Involves as seen earlier in case 
of place value, subtraction and multlpll 
cation. It Is also seen that errors are trig¬ 
gered due to Inadequacy of language 
used in the definitions, rules or proce¬ 
dure names. Language inhibits the un- 
derstandabllity. Most Important are 
found to be inadequate instructions, in¬ 
terference between a prior belief and a 
new, conflicting set of beliefs to be 
learned, failure to, verify a result, inabil¬ 
ity to focus properly or concentrate in a 
task, lack of students' centratlon on the 
perceptual field and the mathematical 
readability levels of instructional mate 
rials. 

Conclusion 

The error illustrated above may be of| 
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that most of the errors were methodic 
and there are some understandable pat¬ 
terns in them Knowledge of these pat¬ 
terns may help in remediation of these 
errors. It is important therefore, to call 
for additional research into error diagno¬ 
sis and their relation to language and 
other cognitive factors. Teacher training 
programme should incorporate this as¬ 
pect so that teachers would be encour¬ 
aged to look into students problems By 
focusing on errors and explonng, exploit¬ 
ing and learning to manage them, the 
student can generally'arrive at a deeper 
and more lasting understanding than 
would otherwise to possible. Students 


learn more when they ai'e provided regu¬ 
lar and frequent opportunities to express 
themselves and to practice developing 
their own representations of the material 
they are learning As they express them¬ 
selves, it is important that students re¬ 
ceive feedback on their performances 
This instructional approach requires 
hard work, encouragement, effective role 
modelling on the part of the teacher, and 
creation of a supportive environment. 
Such an approach can provide a viable 
basis for solving the problem of what can 
be done to minimize the numerous po¬ 
tentially troublesome mathematical er- 
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Balancing Chemical Equations 
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riting chemical equations for re¬ 
actions from the faiowledge of (i), 

_ reactants consumed and 

products formed (li) correct formula of 
each reactant and product and (m) law 
of conservation of atoms and balancing 
the chemical equations and using them 
for calculations involving stoichiometry 
are the important aspects which form a 
part of chemistry curriculum at high 
school level, A survey conducted by the 
authors and the available research re¬ 
ports (1-3) revealed that the students and 


teachers consider balancing of chemical 
equations as one of the more difficult as¬ 
pects of chemistry at high school level. 
Savoy (4) identified a number qf chemi¬ 
cal concepls along with their hierarchy 
which are essential to be understood by 
the students to successfully balance 
chemical equations Colin Hines (5) also 
supported that the eight concepts viz, 
atomicity, valency, use of brackets, sub¬ 
scripts and coefficients, molar-ralio, radi¬ 
cals and use of half moles listed by Sa¬ 
voy need to be thoroughly understood by 
chemistry students to aclrieve complete 1 
understanding of chemical equations, 
Pachauiy (6) observed that the achieve¬ 
ment score patterns for either gender 
does not support the contention that 
those students having higher achieve¬ 
ment scores would be balancing more 
difficult equations than their peers hav¬ 
ing low achievement scores. The purpose 
of this study was Lo investigate into high 
school students' understanding of 
chemical equations within the frame¬ 
work of concepts listed by Savoy and 
identify students' difficulties in balanc¬ 
ing them. A secondary purpose of this 
study was to investigate, if there existed, 
any gender difference and curriculum 
difference on balancing chemical equa¬ 
tions 

Method 

Ten secondary schools from southern 
stales of India (Karnataka, Andhra 
Pradesh and Tamil Nadu) were selected 
for the study Out of the ten schools, six 
schools followed curriculum prescribed 
by their respective states and the rest of 
the schools followed Central Board of 
Secondary Education (CBSE) prescribed 
curriculum The teachers concerned 
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were asked to select at random some 
Class X students across the ability range 
of both sexes for administering the test 
The classification of students who have 
participated in the study is given in 
Table 1. 

Table 1 

Classification of students who 
I participated in the study 


Category 

Number of Students 

Boys 

61 

Girls 

76 

CBSE curriculum 

44 

State curriculum 

93 


Table 2 

Analysis of results on Exercise 1 (N = 137) 


Equation Percentage of 
No ABC 

Facility Discrimination 
Index Index 

1 

42 29 29 

0 42 

0 81 

2 

23 07 70 

0.23 

0.70 . 

3 

07 07 85 

0 07 

0 24 

4 

04 01 94 

0 04 

0,16 

5 

15 04 81 

0,15 

0 46 


The students were asked to complete 
two exercises The items m the exercises 
were so designed that the whole exer¬ 
cise can be completed m a period of 40 
minutes. 

Exercise 1 consisted of five chemi¬ 
cal equations each containing a set of 
formulae errors The students were 
asked to spot the errors, correct them 
and later rewrite the equation in a bal¬ 
anced form. 

Exercise 2 consisted of five equa¬ 
tions of varying complexity and stu¬ 
dents were asked to balance them The 
items included under Exercise 1 and 
Exercise 2 are given in the Appendix 

I 

Results and Discussion 

The results obtained were analysed to de¬ 
termined the percentage of successful, 
partially successful and unsuccessful 
students on Exercise 1 The Facility 
Value and Discrimination Index were 
also calculated, The analysis of the re¬ 
sults on Exercise 1 are summarised in 
Table 2 


Code A,B,C, refers to successful, partially success¬ 
ful and unsuccessful students respectively. 

The analysis reveals that equation 1 
was tfomparatively an easier item It was 
a deliberate attempt on the authors’ part 
design an easy and simple item to see that 
the students are at their ease Equations 
2 and 5 proved to be not very difficult, 
However, the Discnmination Index 
showed that these two equations are able 
to discriminate betweeni the performance 
of successful and unsuccessful students. 
The equations 3 and 4 proved to be the 
most difficult ones for the group. 

The findings from the performance of 
students in identifying and correcting the 
errors are summarised in Table 3. 

Table 3 

Students' performance In the 
identification and correction of errors 

Errors Cateaories 


CuSO^ 

BaNO,, 

FelSO'j, 

Ba,,SO, 

K(OH), 

NaO 

NafOH)^ 

Calegory 1: 
Category 2 
Category 3' 
Calegory 4' 


Categories 

1 

2 

3 

4 

30 

18 

42 

10 

22 

18 

40 

20 

07 

30 

38 

25 

27 

08 

45 

20 

15 

03 

57 

25 

08 

09 

47, 

36 

15 

25 

24 

36 

19 

11 

33 

37 


Identified and corrected; 
Identified but wrongly corrected; 
Not identified hence uncorrected; 
Not attempted. 
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Analysis ol the results summarised in 
Table 3 indicate that the percentage of 
students who failed to identify and cor¬ 
rect the errors was comparatively higher 
than the other categories This has pro¬ 
moted the authors to have a discussion 
session with the students to understand 
their difficulties in the identification and 
correction of errors The students' knowl¬ 
edge of chemical symbols, valencies of 
common elements and radicals, determi¬ 
nation of chemical formulae from valency 
was especially sought for during the dis¬ 
cussion About 26% of the students could 
not even identify the elements from their 
symbols Although many students had 
the knowledge of valencies of very com¬ 
mon elements like sodium, hydrogen, 
chlorine, etc., about 40% of the students 
had the difficulty in expressing the 
valency of elements like barium, copper, 
iron, aluminium, potassium and of radi¬ 
cals like sulphate, nitrate, hydroxide etc. 
But, given the valencies, more than 50% 
ol the students could write the molecu¬ 
lar formulae The analysis of results from 
the performance of students on Exercise 
2 is summarised in Table 4 

Table 4 

Performance of students on Exercise 2 

Eqi lalion Percentage ol Facility Disg tminalion 


No 

A 

B 

C" 

Index 

Index 

] 

61 

15 

24 

0 61 

0 35" 

2 " 

51 

23 

26 

0 51 

0 38 

3 

49 

17 

34 

0 49 

0 30 

4 

68 

11 

21 

0,68 

0 35 

5 

47 

22 

31 

0 47 

0 41 


A Successful sludenls, 

B , Paiiially successful and 
C Unsuccessful 


Table 4 shows lhat even simple equa 
tion like 4 was not balanced by all. vhi\\i 
68% of the students balanced it, failure 
of the rest of the students on such £ 
simple item deserves a mention. 

In equation 2, some students at¬ 
tempted to balance it as 

2 A], + 3 ^ 2 Al^O,, 

by looking at the subscripts on the prod¬ 
uct side and placing the same numbers 
as coefficients on the reactant side also 
A few students completely ignored Q and 
tried to balance only A1 on either side and 
vice versa In equation 5, as there are two 
phosphates in the bracket on the left side 
of the equation, many students placed 
two phosphates m the bracket on the 
right side also to get the equation 
Gag (PO,)j + 3 Na-^ NaglPO^l^ -r 3 Ca In¬ 
dicating that the students have lack of 
knowledge of valency. The Facility Index 
indicates that majority of. the items fell 
m the range of identical difficulty The 
Discrimination Indices reveal that most 
of the items can discriminate between 
strong and weak students to the same 
extent. The inability to balance many of 
the equations by about 25%' of the stu¬ 
dents promoted the authors to conduct 
a post-test discussion with the students 
to find out the probable reasons The 
outcome of the discussion clearly sup¬ 
ports the earlier findings (4,7-9) that the 
students possess a poor understanding 
of (he concept of chemical sub-senpt of 
lormulac and cocffigients in equation. 
The students' knowledge of two rules for 
balancing equations was sought. It was 
observed that about 60% of the students 
were aware that there must be §ame 
number of atoms/elements on either 
side of the equation But, unfortunately, 
only 40% of them could visualise that the 
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above mle is derived from the conserva¬ 
tion law which governs all chemical re¬ 
actions Another major contributing fac¬ 
tor for the incorrect balancing of equa¬ 
tions was the liberal change of subscnpts 
just to see that there are same number 
of atoms of elements on both sides of an 
equation About 35% of the sample pos¬ 
sessed a poor knowledge of the second 
rule for balancing chemical equations 
(subscripts should not be changed while 
balancing an equation) Tables 5 and 6 
show the percentage of students (both 
gender wise and curriculum wise) cor¬ 
rectly balancing the equations on Exer¬ 
cise 1 and 2 respectively 

Table 5 


Performance of students correctly 
balancing the equations on Exercise 1 


Equation 

Percentage of 


No 

Boys 

Girls . 

CBSE 

State 




Curriculum Curriculum 

1 

34 

47 

61 

32 

2 

28 

20 

43 

14 

3 

11 

04 

23 

00 

4 

10 

00 

14 

00 

5 

11 

18 

48 

00 


Table 6 


Percentage of students correctly 
balancing the equations on Exercise 2 


Equation 

Percentage of 


No. 

Boys 

Girls 

CBSE 

State 




Curriculum Curriculum 

1 

64 

59 

91 

47 

2 

56 

47 

89 

33 

3 

56 

43 

70 

39 

4 

69 

67 

93 

56 

5 

58 

41 

77 

33 


The significance of difference between 
the mean scores of boys and girls and 
students belonging to CBSE and State 
curricula is given in Table 7. 

The results indicate that there is no 
signilicant difference between the per¬ 
formance of boys and that of girls on 
both the Exercises In particular, there 
is a close similarity in the performance 
of both the sexes as far as Exercise 2 is 
concerned indicating that both the 
groups have attained almost same com¬ 
petency in balancing the equations How¬ 
ever, the students of CBSE performed 
significantly better than the students fol¬ 
lowing state curriculum (t = 7 98 and 


Table 7 


The significance of difference between mean scores of boys and girls and CBSE and 

State curricula students 




Exercise 1 



Exei'cise 2 


Category 

Mean 

SD 

1 

Mean 

SD 

t 

Boys 

1.3016 

1.3705 

‘ 1 244 (ns) 

3 3114 

1 7822 

0 8526 (ns) 

Girls 

1.046 

1 0333 


3 3046 

1 8330 


CBSE 

2.1477 

1 5386 

7 9815* 

4 2159 

1,2686 

5 0128* 

State 

0.6989 

0 5811 


2 6989 

1,8060 



ns , not significant ; * signilicanl al 0 05 and 0 01 levels 










5.01 for Exercises 1 and 2 respectively, 
df = 135) as evident from significant t val¬ 
ues at 0.01 level. This'could be due to 
several reasons. An observation made by 
the authors during their contact with the 
subject from the schools following state 
curriculum was that many from the 
sample were leas motivated, lacked for¬ 
mal reasoning and appeared to be 
slightly below average in mental abilities 
as compared to subjects from CBSE 
schools. Another possible reason for the 
poor performance could be that the 
teacher-made routine tests are different 
from the one that was administered The 
roubne class tests hinge more upon the 
information given in the textbooks and 
they rarely measure the knowledge re¬ 
lated to the process of balancing chemi¬ 
cal equations. 

Conclusion 

Our present study shows that high 
school students had difficulties in bal¬ 
ancing chemical equations. The errors 
committed by the students while balanc¬ 
ing equations were mainly due to the 
poor knowledge of valency of elements 
and radicals, significance of chemical 
subscripts and coefficients inequations 
and the rules for balancing the equa¬ 
tions. Mansoor Niaz and Anton E Lawson 
(10) have reported that the balancing of 


SCHOOL MARCH 
SCIENCE 1997 


chemical equations using the trial and 
error method requires formal reasoning 
and their general in^ructional recom¬ 
mendation for school teachers was the 
identification of topics that,require for¬ 
mal reasoning and develop necessary 
reasoning skills in students Yanroach (8) 
has observed that students who wee 
successful in diagrammatic represen¬ 
tation of the balanced equation also pos¬ 
sessed good concepts of subscripts and 
balancing rules It would seem advisable 
to give high school students of exercises 
in the interpretation of symbols, formu¬ 
lae. valencies of common elements and 
radicals. The instructions should place 
more emphasis on explaining the signifi¬ 
cance of subscripts and coefficients and 
the empincal laws governing their use in 
balancing equations The evaluatiop pro¬ 
cedures adopted by the teachers should be 
so designed that they not only measure 
students’ abilities to balance equations 
but also their knowledge related to the 
process of balancing equations. 
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APPENDIX 

Exercise 1 Five chemical equations are given below You are required to spot Ihe 
errors, correct them In the spaces provided and rewrite the equation In (he 
balanced form 

Equation 1: + I -» HI 

Enoi Correction 

Balanced form'ol the equation is • . 

Equation 2 Cu^SO^ + Fe Fe (S0J^4 Cu . . 

Error Correction 

Balanced form of the equation Is .. 

Equation 3 . B NOjH^SO^, -> B^ SO^ + HNO,. • ■ ■ ■ 

Error Correction 

Balanced form of the equation is . , . 

Equation 4 • A1 (OH) , + K ^ K(OH) , -i- AI 

Error Correction 

Balanced form of the eciualion is . . 

Equation 5 NaO + H,^0 -i Na (OII),^ , . 

Error Correction 

Balanced form of the equation is ' 

Exercise 2 Balance the lollowmg 
equations 

1. AI^ [SO,), + PbCI,, -4 PbSO, + AlCI, 

2. AI -I- O, ^ Al,^Oj 
3 Ba (OH)^ -r HCl ^ BaCl^ + H^O 


4 KBr -H Cl, KCl -r Br, 

5 Ca, (PO„), + Na ^ Na,Po^ + Ca 
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i has been a matter of interest 
to ascertain whether a given 
natuial number is completely 
divisible by a prime number or not. Lot 
of work has been clone in this direction 
by many people notable among them is 
Fermat Various divisibility tests have 
been derived from Lime Lo time for aca¬ 
demic purposes as well as Lo create 
interest among the children to learn 
mathematics Some of the work done in 
this direction is by Linder (1), Singh (2). 
Subraraanya (3), Jayshree (4) and the au¬ 
thor himself (5) They have separately ob¬ 


tained divisibility tests for some prime 
numbers, 

Sharma (6) has given divisibility rules 
for prime numbers between 11 and tOO 
No proof for obtaining this rule was given 
and he mentioned that the same has 
been obtained by trial and error. The 
tests are based on a specific number, 
different for different prime numbers, | 
and nothing is given about the method 
to arrive at this number 

This paper deals with the proof of di¬ 
visibility rules for all the 22 prime num¬ 
bers between 10 and 100. In this paper, 
formula for obtaining the quotient, with¬ 
out actually dividing the given number | 
by the prime number is also derived 

For ascertaining the divisibility of any i 
number of g prime number (say 13), 
Sharma (6) gives the procedure as : Split 
the given number into two parts i e. num¬ 
ber obtained by removing the unit digit 
and the unit digit. Multiply the unit digit 
by 4 and add it to the number obtained 
‘ by removing the unit digit If this new 
' number is divisible by 13, original num¬ 
ber IS also divisible by 13 The process can 
be repeated in case of large number, The 
reason for selecting this specific number 
4 for the prime number 13 is not given 
In this paper, the procedure for ob¬ 
taining this specific number for different 
prime numbers is given. It is also estab¬ 
lished that there can be more that one 
formula for testing the divisibility by a 
prime number and the one which is most 
convenient has to be selected for this 
purpose, 

Identification of the Specific 
Number 

Any number can be represented by 
10 a-i-b where b is the digit at unit place 



divisibilitv by 
PRIME NUMBERS 

and a is (.he numbei- obtained by remov¬ 
ing unit, digit- from Lhe given number Let 
us Lake the mle for divisibility by 13 men¬ 
tioned above If the given number lOa+b 
divisible by 13 then 4(10a+b) is also di¬ 
visible by 13 Thus we obtain that 39a + 
(a+4b) or a+4b should be divisible by 13. 
Thus this specific number 4 for Lhe prime 
number 13 is obtained 

By this way, many other divisibility 
rules lor a prime number can be ob¬ 
tained. For example, on multiplying the 
number lOa+b by 7 or 9 wc can say that 
lOa+b IS divisible 13 if 5a + 7b or a-9b 
is divisible by 13 

Thus a general rule for obtaining the 
divisibility condition is given below. 

For obtaining the divisibility ol a 
number lOa+b by a prime number m, 
write the multiple o( m It rm+1 = lOn 
where r and n are whole number then n 
IS the specitic number lor the prime 
number ni and lOa+b is divisible by ra if 
a + nb IS divisible by in 

These specific number.s arc given in 
Lhe following table. 


Tahi.e 1 


Ft line 
numbei 

(m) 

tipecijic 

nnmher 

(u) 

Frimc 

numbei 

Imj 

;>peci/ic 

numljcr 

11 

10 

53 

re 

13 

04 

59 

06 

17 

02 

61 

55 

19 

07 

67 

47 

23 

07 

71 

64 

29 

03 

73 

22 

31 

28 

79 

08 

37 

26 

83 

25 

41 

37 

89 

09 

43 

13 

91 

82 

47 

33 

97 

68 


67 


From Lhe above table, it is clear that 
for checking the divisibility ol the num¬ 
ber lOa+b by 7 wc have to check the di¬ 
visibility ol a+64b Since multiplication 
ol b by 64 is lengthy, Lhe rule lor rlillcr- 
ence of a and n’b may be used Thus for 
all prune numbers ending with one an¬ 
other rule is formed as ’the number Oa+b 
IS divisible by m if the difference of a and 
b is divisible by m 'The specific number 
n’ IS given in the lollowing table 

Taiii.ic 2 

Prune Numlicr (m) 11 31 41 61 71 01 
Spccilic numbp r(n) 01 03 04 06 07 00 

So Lhe number 1547 is divisible by 91 
since 9b=9x7 = 63, n=154 and 154-63 = 
91 IS divisible by 91. 

By applying the same procedure, the 
spccilK' number n' for rlivisilnlily test ol 
prime numbers ending willi 7 is olilaincd 
and given in the lollowing lalrlc. 

Twin; 3 

Prime numbei (m) 17 37 47 67 97 
Specilie number (n'l 05 11 14 20 2*-) 

The same procedure t'an be applied 
lo oblain spenfie numbers foi Icsling 
divisibility by more than two digit prime 
numbers. The same can be easily done 
by the readers. 

To obtain the quotient without 
actual division 

Test ol divisibilily ol any number by a 
prime number is given earlier 1 lere a lor- 
mula lor finding out the ciuotienl, wilh- 
out cictual division, will be eslablished 
As usual, we write any number as 






]Oa+b and m as a prime number The 
condilion for the divisibility of lOa+b by 
m IS that a+nb should be divisible by m 
Take a+nb = K 

Whore n has the usual meaning. 

Formula lor obtaining the quotient is 
giv'cn in the following table ' 

Tahu. 4 


Prime 

Niiinhcr 

QiiolwnI 

Prime 

Numhci 

Quotient 

11 

a+li - k 

53 

a+13b-43k 

13 

a+b-3k 

59 

a+5b-49k 

17 

a+5b-7k 

61 

a+46b - 5Ik 

19 

a+l3-9k 

67 

a+40b - 57k 

23 

a+4b -13k 

71 

a+55b-61k 

29 

a+19b-211c 

79 

a+19b-63k 

31 

a+19b-21k 

83 

a+22b-73k 

4J 

a+28b-31k 

89 

a+8b-79k 

43 

a+]0b-33k 

91 

a+73b-8k 

47 

a+26b-37k 

97 

a+61b-87k 


The proof of these expressions for 
quotient is very simple and can be ob¬ 
tained for each of the prime numbers 
separately 

For example, consider the division of 
a number lOa+b by the prime number 
13 Here K= a+4b which is a whole num¬ 
ber IS” 

The quotient Q is given by 


Q=-L (10a+ b) 

13 4 X 13 

= ^ (3a + K) 

k a 

= 4--*T 

.a + b>--^ib7K) 

4 

= a + b - 3k 


(10a + b) 
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Use of this lormula is explained in 
the lollowing example Take the divisibil¬ 
ity ol 3562 by 13 As per Table No 1 

a+4b = 356 + 8 = 364 

This IS divisible by 13 so 3562 is also di¬ 
visible by 13, l^he value of K here is • 

364 _ 

So = a+b - 3K = 356 + 2 - 3 X 21 

A O 

= 274 

It IS also obseiwed in Table 4 that the 
first term of each expression is a and the 
third term is (m-10) K. 

However the middle term does not 
have any common pattern, But there 
exists a pattern for each set of prime 
numbers ending with 1,3,7 and 9. For 
example, the middle term for division 
by 

13 b + 3b where m is the prim 

number ending with the digit 3 

Similarly, the middle terms for the 
expressions of quotient for prime num¬ 
bers ending with 1,5 and 7, can be ob¬ 
tained as 

b + —9b. 5b 7b an: 

b +-— b respectively 

Another table for obtaining the quo¬ 
tient, based on Tables 2 and 3, i e, us¬ 
ing the condition of difference of two 
numbers, can also be obtained for prime 
numbers ending with digits 1 and 7 so 







divisibility by 
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as [0 make the faiculalions easy and ali be used lo lind out Ihe divisibility rules 
limes orally .also . and aroordingly the quolienls for 3 lor 

The proredure described above can' more digit prime numbers 
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health of crops, the spread or retreat of 
deserts, and the changing patterns of the 
world's weather 

The ESA (European Space Agency) 
requirement is for an imaging spectro- 
radiometre sensitive to wavelengths from 
450 nanometres (the deep blue end of 
the visible spectrum] to 2,35 
micrometres (short-wave infra-red], as 
well as two bands in the thermal infra¬ 
red region, and possessing a resolution 
of 50 m on the ground from a 775 km 
high polar orbit An especially demand¬ 
ing aspect of the specification is a need 


Skywatch on the 21st Century 

Rodney Steel 

LPS Special Correspondent 

A s concern grows about the fu¬ 
ture ecological well-being of the 

_ Earth, demand is growing for 

ever more powerful and discriminating 
obseiwation satellites to monitor our 
threaiened natural environment At 
Chislehurst, 20 km from London, the 
electro-optical specialist company, Sira, 
IS designing ultrasensitive instrumenta¬ 
tion for a 21st century European satel¬ 
lite that would enable scientists to moni¬ 
tor such sigmlicant occurrences as glo¬ 
bal warming, ozone depletion, pollution 
levels throughout the biosphere, the 



Projected layout of the PRISM imaging 
spectroradiometre (above), with a basic 
optical layout (below). 

SWIR : $hort-wave infra-red; 

VNIR : visible and near infra-red 
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for the instrument to be capable of not 
only viewing vertically downwards but 
also out to a distance of 400 km on ei¬ 
ther side and possibly also 700 km for¬ 
ward along its track and 400 km back¬ 
ward at terrain it has just passed over 
Known as Process Research by an 
Imaging Space Mission (PRISM), this 
European project has attracted competi¬ 
tive bids from several aerospace consor¬ 
tia. Sira IS partnered on the instrument 
package design with Dormer Satellite 
Systems, Matra-Marconi Space and an¬ 
other UK participant, AEA Technology 
(advising on calibration and tribology), 
under an overall Daimler-Benz umbrella 
The specification that Sira has to 
meet is for an instrument which will 
gather spectral radiance data for the 
study of land processes in the visible, 
near infra-red and short-wave infra-red 
bands, as well as registering surface tem¬ 
peratures in the thermal Infra-red. The 
spatial resolution of 50 m on the ground 
which is demanded must be accompa¬ 
nied by a typical image size of 50 km by 
50 k, the radiance ranges must encom¬ 
pass normal land brightness and tem¬ 
perature ranges, and accuracy within 2 
per cent for spectral imaging and one 
degree for temperature readings 

Target Selection 

The requirement for an instrument that 
possesses pointing capabilities for tar¬ 
get selection and directional reflectance 
measurements poses a major design 
challenge to the scientists at Sira. The 
across-track pointing range is typically 
to be plus or minus 35 degrees, while 
along the track the range arigle is set at 
plus or minus 56 degrees (with an angle 
of plus minus 70 degrees on the ground) 
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The instrument now taking shape in 
concept is an imaging spectro- 
radiometre, comprising a pointing unit 
directed at the earth, that feeds the col¬ 
lected light via a telescope to the colli¬ 
mator with its dispersing prism, and on 
to focusing optics which separate out the 
short-wave mfra-rcd from visible light 
and near infra-red, registering them at 
separate focal planes. Thermal infra-red 
emissions are directed straight to spe¬ 
cial thermal band detectors after pass¬ 
ing through the telescope 

To achieve the high spectral resolu¬ 
tion required, complex 1000-element 
detectors will be needed, silicon chargc- 
coupled devices being planned for the 
visible and near infra-red wave bands, 
while cadmium-mercury telluride units 
are a likely choice for both short-wave 
infra-red and thermal infra-red A cool¬ 
ing radiator to ensure against overheat¬ 
ing of the instruments from solar radia¬ 
tion will be mounted on the shaded side 
of the satellite, which maintains a con¬ 
stant orientation with regard to the sun. 

No Illusions 

Top Sira scientist Mr Dan Lobb has 
no illusions about the difficulties of the 
task facing his Chislehurst-based team 

"The first challenge is the two-axis 
pointing capability, although that may 
be solved by rotation of the whole satel¬ 
lite." he said, "If it isn't, it comes back to 
us to devise a separate mirror system 
This is an all-new requirement. It's not 
something that other instruments have 
done, 1 think this is probably the first 
time anybody has tried to do this for an 
Earth-observing instrument" 

The PRISM satellite is planned to 
circle the Earth in a polar orbit, taking 
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100 minutes for each complete circum¬ 
navigation while beneath it every area 
ohthe continents and oceans is surveyed 
at three-day intervals 

Continuous comprehensive surveil¬ 
lance of this nature by Sira's sensitive 
imaging spectro-radiometre, with its 
outstanding resolution qualities, offers 
huge prospective returns in terms of 
data. PRISM'S non-stop, automatically 
up-dated status report on the Earth’s 
physical well-being would enable 
agronomists to see at a glance which 
areas of the world are growing healthy 
crops, and where low plant water con¬ 
tent or other adverse conditions could 
lead to famine 

Meteorologists could check on 
demystifications, ice-field movements, or 
surface radiation reflectance (albedo) to 
determine prospective changes in 
weather patterns, including the penodic 
catastrophic'El Nino disturbances that 
so severely affect the countries border¬ 
ing the southern Pacific, For earth sci¬ 
entists, there will be data to aid in geo¬ 
logical mapping, leading perhaps to min¬ 
eral discoveries, a better understanding 
of irrigation problems, or more effective 
compromises between conservation and 
the demands of agriculture 

PRISM will be able to constantly 
monitor the composition of the atmo¬ 


sphere ' how much water vapour is' 
present, what percentages of trace gases 
occur, and veiy significantly whether 
ozone depletion is occunng over the poles 
(with a polar orbit, PRISM would be an 
ideal instrument to check on this grow¬ 
ing hazard to life on our planet Earth) 

Pollution of wateiavays and coastal 
regions, and the notorious' red blooms' 
pf algae that it causes, will be perma¬ 
nently under suiveillance, Receptors re¬ 
cording the thermal infra-red bands will 
tell scientists what the temperatures are 
on the land surface, on the cloud tops, 
and in the surface waters of the oceans, 
so that any degree of overall climatic 
warming can be constantly checked and 
regional temperature augmentation de¬ 
tected, 

The PRISM project could be an out¬ 
standing contribution to the practical 
employment of space science in the 21st 
century Such projects are never cheap, 
but as environmental problems become 
ever more pressing and the demands ol 
modern societies grow increasingly ur¬ 
gent, exacerbated by population growtli 
that in some areas is still explosive, sat 
ellite surveillance like that offered bj 
PRISM IS becoming more and more es 
sential 

Courtesy , Spectrun 
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Watch out for Hale-Bopp< 
Comet 

Discovered in July 1995 by Allen Hale 
and Thomas Bopp, amateur astronomers 
of the U S , the Hale-Bopp Comet will be 
visible to the naked eye in March and 
April, 1997. 

The Comet was visible in the direct 
lion of the 131h Zodiacal sign of a 
Ophicuous in November, 1996 At that 
time it could be obseiwed only through 
to telescope and had developed a promi¬ 
nent tail 

It will be the brightest comet of the 
century The comet is approaching the 
Sun at a velocity of 1 million km a day 
Having circled the Sun, the comet will 
spend its next 15,000, years in deep 
space, At the time of its discovery the 


comet was at a distance of 750 million 
km from the sun 

At its closest to the Sun, the comet 
will be about 10 million km away. Its tail 
at that time in expected to grow about 
12 million km long. 

Scientists are keenly awaiting for the 
arrival of the comet. The elements 
present in the comet are the main focus 
of these investigations Astronomers 
would use optical, infra-red, X-ray and 
ultra-violet telescope to study the 
nucleus of the comet Scientists are in¬ 
terested m finding out whether the comet 
has any trace of elements that consti¬ 
tute basic building blocks for life on the 
fearth such as amino-acids, water or am¬ 
monia, 

Hale-Bopp comet will be visible along 
with the total solar eclipse over Mongo¬ 
lian Sibena on March 9, 1997 The comet 
will be visible close to the cornea of the 
eclipsed Sun. 

I 

Respiratory Problems can be 
Genetic 

Children with persistent respiratory 
problems should be screened for cystic 
fibrosis (cf] of a potentially fatal genetic 
disorder, say researchers at the All In¬ 
dia Institute of Medical Science (AIIMS), 
New Delhi 

CF affects the lungs. The disease 
which is the most common genetic dis¬ 
order in the West was hitherto consid¬ 
ered to be very rare among Asians But 
studies at the AIIMS Paediatric Depart¬ 
ment have exploded this myth. 

"Our findings confirm that CF occurs 
in India and its should be suspected in 
cdl children with persistent respiratory 
problems", said Dr. Ishwar Verma and 
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his colleagues in a report published 
Lhe Indian Journal of Medical Research. 

A Lest for this inherited disease has 
now become available at the AIIMS 

The disease is caused by defects or 
"mutations" in a specific gene first dis¬ 
covered in 1989 The scientists at AIIMS 
said this particular mutation was de¬ 
tected in SIX out of 13 cases (46%) of CF 
diagnosed at AIIMS between June 1992 
December 1995 

Artificial Respiration made 
Easier 

The advances in medical technologies 
have now made artiticial respiration pos¬ 
sible, without inserting a tube into the 
wind pipe of the patient 

The latest technique, which is offered 
only at a few hospitals, is Icnown as "Non- 
Invasive Positive Pressure Ventilation", 
and can even be administered to a pa¬ 
tient while still at home. 

The procedure was demonstrated to 
doctors Irom all parts of the country at 
the National Conference on Acute Res- 
piratoiy Care being organized by the 
Delhi Medical Association and Delhi 
Chest Forum at the Indraprastha Apollo 
Hospital, New Delhi ' 

It is envisaged that this technique 
would come as a boon for patients suf¬ 
fering from chronic bronchitis and em¬ 
physema Earlier, these patients had to 
be put on an invasive artificial respira¬ 
tion with a tube in the wind pipe and it 
was diflicult to wean them away from 
this machine 

With the new technique, it has not 
only become easy for the doctor to with¬ 
draw this support, but it also makes life 
easier lor tbc patients as they can eat as 


in ■ well as talk while on the therapy Previ¬ 
ously, 50% of the patients died before 
they could be taken off the invasive res¬ 
piration 

Atlantis Docks with Mir, 
Brings Back Record-Setting 
Astronaut 

The space shuttle Atlantis returned to 
Earth on September 26, 1996 with as¬ 
tronaut Shannon Lucid who spent 188 
days m orbit aboard the Russian Mir 
space station, setting an endurance 
record for a woman in space 

Atlantis touched down at the 
Kennedy Space Center in Flonda to wrap, 
up a 10-day mission that included a 
linkup with the Russian station—the 
fourth in a series of linkups to pave the 
way for construction of an international 
space station due to be completed In 
mid-1998. The docking missions are in¬ 
tended to give U S astronauts experi¬ 
ence with long-duration spaceflight, 
cany out joint scientific research, and 
test hardware and procedures to reduce 
risks associated with operations aboard 
the international space stations. 

Atlantis and its six crew members 
were launched on September 16 1996 and 
over the next two days, with periodic fir¬ 
ings of the spacecraft's small thruster 
engines, gradually moved closer to Mir, 
The two spacecraft docked late Septem¬ 
ber 18 to pick up Lucid and drop off as¬ 
tronaut John Blaha', who will spend four 
months aboard the station Blaha, a re¬ 
tired Air Force colonel, is the third Ameri¬ 
can to live abocU'd Mir. The first was as¬ 
tronaut Norman Thagard, who spent 115 
days aboard the station last year 

Lucid’s six-month stay aboard the 
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Russian complex sel a world record for 1 
female astronauts and a U S. record for ^ 
all space fliers Her stay was two months 
longer than Thagard’s pioneering visit to 
Mir 

The 53-ycai--old biochemist was sup¬ 
posed to return to Earth in mid-August 
after a four-month mission to Mir. but 
the Atlantis flight was delayed for six 
weeks to replace the shuttle's twin 
booster rockets after minor heat dam¬ 
age was discovered in identical boosters 
used to launch the shuttle Columbia 
last June. That and bad weather left 
Lucid in orbit an extra seven weeks. 

Russian cosmonaut Yelena 
Kondakova’s 169-day Mir mission had 
previously been the longest spaceflight 
by a woman, Cosmonaut Valci-y Polyakov 
holds the world record with his 438-day 
Mir flight that ended last year. 

Several hundred people gathered at 
Kennedy to welcome Lucid home, includ¬ 
ing her husband and three grown chil- 
^dren 

Daniel Goldin, administrator of the 
National Aeronautics and Space Admin¬ 
istration (NASA), presented Lucid with a 
present from President Clinton ' a huge 
box of candy called M&Ms Lucid had 
said she craved the candy while living 
abroad Mir 

Goldin, who called Lucid his hero, 
said, "She has a toughness and she has 
an' ability to perform She stuck wilh 
it,..and this is what's so good about her". 

President Clinton phoned Lucid soon 
after her arrival to welcome her back 
home "We’re all so proud of you", he told 
her Lucid replied Lhat she was "just re¬ 
ally proud to be an American, and I’m 
just really proud to be part of this coop¬ 
erative program that we have going with 
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the Russians, It was )ust a great mis¬ 
sion, And I just had a great time" 

, fl'he President told her he appreciated 
what she said "about Ihc cooperation 
with Russia It really sets the stage for 
the work an the mlernational space sUi- 
tion And it's veiy, veiy imporlanl And f 
believe the way you captured the public 
imaginalion will also helii us to build 
longterm support for the space program" 

NASA doctors are eager to examine 
Lucid after her long exposure to weight¬ 
lessness Astronaiils can lose up to a 
quarter of (heir strength while in orbit 
because in zero gravity there's little need 
lo use muscles 

During their live days of linked llighi, 
Lhc crews moved about 2,000 kilograms 
of food, water and other resupply items 
along with research hardware and cqiup- 
mcn( Irom Allan Us (o Mir and 990 kilo¬ 
grams of U.S . Russian and European 
Space Agency scicnlilic samples and 
ccpiipmcnL Lo the shuUle 

Atlantis also carried a new high vol¬ 
ume research module provided by 
Spacehab, lncor]roratcd The so called 
double module was made up of two nor¬ 
mal Spacehab chambers bolted together 
and connecied to the crew cabin by a 
pressunzed liinncl 

The forward poi lion of the double 
module housed cxjicnmcnts lo be coii- 
duclcd by lhc crew Ix'lore, during and 
ciUcr Allanhs docked with Mir. The alt 
portion of the module housed Lhc sup¬ 
plies lo be transferred to (he space sta¬ 
tion 

One of (he experiments carried 
aboard Spacehali was a new high-tem- 
peraturc furnace capable of melting iron 
The furnace, which may be earned 
aboard the planned international space 






station, will be used to study how flaws 
form in cast metals arid allow metallur¬ 
gists to make stronger machine tools on 
Earth 

An experiment aboard Mir involved 
videotaping crew members playing darts 
to study how they adapted to zero grav¬ 
ity In another*Mir expenment, research¬ 
ers collected data by means of instru¬ 
mented footloops and handholds to de¬ 
termine the forces that astronauts exert 
on spaceships. Currently engineers must 
over-design racks housing sensitive ex¬ 
periments that could be disturbed by the 
movements of astronauts. 

The shuttle undocked from Mir on 
September 23 as the two spacecraft flew 
some 380 kilometers over the Ural Moun¬ 
tains, between Russia and Kazakhstan 
Atlantis then flew around Mir twice at a 
distance of about 122 meters, allowing 
the Astronauts to take pictures of the 
.station, which has had new parts added 
since the last shuttle visit in March 

"I’m really happy and I also feel just 
a little sad", said Lucid, as the two space¬ 
craft separated "This has been my home 
for six months, and I've had a great time 
here But obviously I'm very, very anx¬ 
ious to go back to ray real home...with 
my family" 

Mir commander Valery Korzun said’ 
"Not only are we saying goodbye to a 
colleague, but to a very fine person". 
Russian space olficials said Lucid never 
complained once during her long space 
mission aboard Mir "She's an outstand¬ 
ing person", said General Yuri Glazkov, 
deputy commander of Russia’s cosmo¬ 
naut training centre 
"Eveiybody loves her " 

Blaha is scheduled to spend four 
months on Mir, sharing the station with 
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cosmonauts Korzun and Alexander 
Kaleri. Both arrived On the orbiting sta- 
tidn last month to replace two other cos¬ 
monauts who occupied Mir during 
Lucid’s first five months on Mir, 

The fifth Mir-dockmg, mission is i 
planned for January. Atlantis will bnng 
up astronaut Jerry Linenger, who ivill 
switch places with Blaha. ) 

Courtesy ■ Science Update 

Swansea Scientists Delve 
Deeper into Molecules 

Techniques pioneered by the University 
of Wales at Swansea, are providing in¬ 
creased capabilities across a wide range 
of uses including research into the na¬ 
ture of diseases at their earliest stages 
and the detection of sophisticated sports 
cheats who try to mask the use of drugs. 
Equipment includes sensitive mass 
spectrometers that can weigh an indi¬ 
vidual molecule extremely accurately to 
produce a highly detailed 'fingerprint' of 
its spectrum enabling scientists to de-' 
tect ultra-low levels of substances 
The work of the research unit is as¬ 
sisting many industrial clients around 
the world Its staff focuses both on fun¬ 
damental research to increase knowledge' 
of mass spectrometry and associated 
techniques, and on applications for their 
science 

These uses include characterisation 
of biomolecules, pharmaceutical and 
agrochemical products and analysis ot 
food, petrochemical products and drugs 
in biological materials 

The unit also specialises in the de¬ 
sign and construction of ultra-high reso¬ 
lution fittings for translational energy 
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loss spectrometer^ such as the unit in ‘ 
the picture, the most powerful of its kind 
In the world 

Renowned internationally, the re¬ 
search unit runs courses on aspects of 
mass spectrometry for industrial and 
scientific users in Britain and other 
countries Students studying at the unit 
at present include young people from 
China, India, Malaysia, Portugal and 
Spain — specialists who will go on to 
apply the wide-ranging work of the pio¬ 
neering Swansea scientists to benefit the 
world's products and people far into the 
next century. 

Courtesy ■ Spectrum 

Bi^eakthrough in Cancer 
, Research 

It is now posaible to design special pro¬ 
teins that can recognize and switch off 
cancer genes to arrest cancerous growth 
according to Sir Aaron Klug who won the 
Nobel Pnze in Chemistry in 1982 for his 
work in Crystallography,^ 

According to Sir Aaron practical ap¬ 
plication of the new find has still a long 
way to go yet it has proved the point that 
one can design proteins that can ma¬ 
nipulate genes. 

Sir Aaron's team at the Medical Re¬ 
search Centre laboratory-of molecular 
biology in Cambridge discovered a natu¬ 
ral protein that they named, zinc fingers 
(the protein contains zinc and has fin- 
ger-like loops on the surface) that can 
bind with the Deoxynbose Nucleic Acid 
(DNA) in a gene. 

The zinc fingers protein could recog¬ 
nize a gene that is responsible for a type 


of leukaemia called All 

All is triggered during a genetic ab¬ 
normality — the DNA of one end of chro¬ 
mosome number 22 gets interchanged 
with that of chromosome 9 (there are 23 
pairs of chromosomes in a human cell). 
This combination produces a new class 
of DNA, a cancer-causing gene or 
Oncogene that cannot be controlled 

The team selected a natural zinc fin¬ 
ger protein that can bind with the 
Oncogene and inhibit its activity The 
protein was simply punched into a labo¬ 
ratory cell line containing the Oncogene, 
where it stopped the cancer gene from 
expressing itself, 

"Although it IS a crude deliveiy sys¬ 
tem, with only 30% efficiency, it proved 
the basic point that such proteins can 
be introduced to switch Oncogenes off, 
Sir Aaron said 

But, scientists need a perfect deliv¬ 
ery system for the scheme to work in 
cancer cells on expenmental animals, he 
added 

The work also shows that one can 
begin to manipulate DNA both inside and 
outside a cell using such proteins 
"Other families of proteins similar to the 
zinc finger family may be around the 
corner" Sir Aaron 

"Breakthrough" Hailed in 
Polio Vaccine for Developing 
Nations 

A private company'working with United 
Nations and U S agencies and nonprofit 
organizations had developed what is be¬ 
ing hailed as a breakthrough in the cam¬ 
paign to eradicate polio in developing 
countries 
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The World Health Assembly, con¬ 
vened by the United Nations in 1988, set 
a goal of eradicating polio by the year 
2000 That has already been accom¬ 
plished m North, Central and South 
America, Atwood said 

The technical development provides 
an easy way for health workers in devel¬ 
oping countries to assess whether 
bottled polio vaccine is still potent 

Polio vaccine in vials from which 
drops are placed in a youngster’s mouth 
IS elfective for months if stored at tem¬ 
peratures of minus 20 Celsius or below 
Oral polio vaccine can be ruined in just 
days if subjected to some of the high tem¬ 
peratures lound in tropical areas, Proper 
refrigeration in developing countries, 
particularly in rural areas, is often not 
available. 

Therefore, health care workers often 
cannot know whether the vials are still 
good They then have to decide whether 
lo Lake a chance and use them or throw 
them away 

A U S. has developed a "marker" that 
could be pasted to the bottle of polio vac¬ 
cine The marker is sensitive to time and 
temperature and when a square gets as 
dark m color as its surrounding circle 
on the marker, the vaccine should not 
be used because its eflcctiveness has 
been destroyed 

WHO reports that the number ol new 
polio cases (ell to 6,179 in 1995, 28 per¬ 
cent below the number in 1994 and 82 
pcicenl less than in 1988, when the 
eradication goal was crealcd. Thirty 
countries reported more than 10 rases 
m 1995, 27 less than 10 and 150 none 
at al'l. 

Welle Temple Brown, a spokes¬ 
woman for WHO, said at Lhe briefing that 


probably 10 limes more cases occur than 
IS reported One reason for the 
undereporting is that the disease now 
strikes in the more remote areas of de¬ 
veloping countries, she said 

Most of the polio cases in 1995 came 
in Southeast Asia Of the 3,398 reported 
there, India accounted for 3,142 India 
staged "national immunization days" in 
December 1995 and January 1996, when 
92 million children over the age of five 
were given the oral vaccine. Millions of 
children upto 5 years age were again 
given oral polio drops through national 
immunization drive organized on Decem¬ 
ber 17, 1996 and January 7, 1997 
Africa was the area with the second 
highest number of polio cases in 1995— 
1,512 

Courtesy Science Update 


Galileo Images of Jupiter 
Moon result in New 
Discoveries 

The first close-up photographs of 
Jupiter’s moon Ganymede show that the 
surface of the gianl satellite appears to 
be wrinkled and torn by geologic forces 
like those that make mountains and 
move continents on Earth. 

The new images, which are toppling 
theories about the planet-sized moon, 
were taken by cameras aboard the un¬ 
manned spacecraft Galileo during its 
flyby Ganymede, Galileo passed within 
just 726 kilometers of the big moon, 70 
times closer than the ''/oyager flyby mis¬ 
sions m 1979 The latest pictures were 
sent back to Earth over the two week 
period following the flyby 

"These images have exceeded our 
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Wildest expectations", said Michael 
Belton, a researcher at the National Op¬ 
tical Astronomy Observatories and head 
of Galileo's imaging team 

"We knew Ganymede was an inter¬ 
esting place, but what we have just 
found makes it even more exciting", said 
Torrence Johnson, Galileo project scien¬ 
tist at the National Aeronautics and 
Space Administration’s Jet Propulsion 
Laboratory in Pasadena, California, 
where the images were released 

. Ganymede, one of Jupiter's four huge 
satellites, is larger than the planet Mer- 
cuiy and three-quarters the size of Mars 
It is the largest moon in the solar sys¬ 
tem, The Galileo spacecraft, launched in 
1989 aboard the space shuttle, began 
orbiting Jupiter in December. 1995 

The new close-up images indicate 
that Ganymede’s surlace, 'made up of 
approximately equal proportions of rock 
and ice, is far more geologically active 
than previously thought They show that 
the moon’s surface has been extensively 
bombed by comets and asteroids, but 
has been resurfaced is some areas by 
more recent volcanic eruptions, quakes 
and other tectonic activity 

During the flyby, Galileo’s cameras 
focused on a ridged area called Uruk 
Sulcus and another area called Galileo 
Regio Johnson said the image of Uruk 
Sulcus shows "the surface is tremen¬ 
dously cut up by faults" The same forces 
that work on the rock of Earth’s ci-ust 
are working on Ihe half-rock, half-ice 
composition of Ganymede’s surface, he 
added. 

Both areas show ancient cratered ice 
fields adjacent to or overlain by younger 
icy volcanic plains, ridged ice mountains, 
deep hirrows and smooth broad basins 
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that are products of tectonic force's Sci¬ 
entists believe Ganymede’s ndges, icy 
grooves and craters may indicate g.n 
Earth-like crust that pulls apart and fills 
in with flowing rock 

Other scientific instruments aboard 
Galileo discovered that Ganymede pos¬ 
sesses lis own magnetosphere, a region 
of highly charged particles that sur-' 
rounds many planets but has never been 
found to exist around a moon before. 

The finding indicates that the planet¬ 
sized Ganymede' very likely creates its 
o'wn magnetic field The possible sources 
of the magnetic field include a molten 
iron core or even a thin layer of conduct¬ 
ing salty water or hot hidden oceans 
flo-wing underneath the moon’s icy crust 

"We are as puzzled as anyone by the 
question of what could produce this 
magnetic field", said researcher Marga¬ 
ret Kivelson of the University of Califor¬ 
nia at Los Angeles 

"Willie we expected some degree of 
interaction ’between Ganymede and 
Jupiter’s magneiic environment, the size 
and the effect (of the magnetosphere) at 
Ganymede were completely unexpected", 
Johnson said. 

Galileo’s plasma wave spectrometer, 
an instrument that measures variations 
in electromagnetic waves in Jupiter’s 
environment, showed that the densities 
of charged particles around Ganymede 
increased by a factor of more than 100 
near Galileo’s closest approach 

"This indicates that Ganymede is 
surrounded by a Lhm ionosphere", said 
Donald GurncLL, a researcher at the 
University of Iowa and principal inves¬ 
tigator for the spectrometer experiment 
"The existence ol an ionosphere suggests 
lhal Ganymede also probably has a tenu- 


/ 
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ous atmosphere" 

Galileo is srheduled to make three 
more close llybys of Ganymede dunng 
its lwo~year mission in orbit around Ju¬ 
piter 

Future flybys will permit observa¬ 
tions of other regipns of Ganymede’s 
surface and further studies of the moon’s 
magnetosphere 

Courtesy ' Science Update 

Micro Electronics Help Re¬ 
store Some Mobility to the 
Paralysed 

A surgeon at the Spinal 'Freatment Cen¬ 
tre at Salisbury District Hospital, 
Wiltshire, western England, implanted 
a prototype of a micro-electronic device, 
developed at University College, London, 
into Ms Julie Hill, who suffered a frac¬ 
ture of her spinal cord in a car acci¬ 
dent, leaving her paralysed 

Standing for even a few minutes a 
'day helps to reduce the danger of pres¬ 
sure sores and bladder infections m 
people with injuries like these 

Developed by two researchers, hon¬ 
orary senior research fellow. Dr Nicho¬ 
las Donaldson, and Tim Perkins' the 
equipment can be implanted into pa¬ 
tients to stimulate nerves in their backs 
below the point of injury. 

"From our previous experience of 
stimulating neives to give people con¬ 
trol over their bladders, we realised that 
there was great potential to tackle the 
problem by stimulating the nerves that 
control leg muscles, especially at the 
roots where the nerves leave the spinal 
cord", says Dr Donaldson. 

The device consists of a receiver 


placed under the skin next to the ribs 
and wires that feed around to the back 
to electrodes that lie on six pairs of nerve 
roots Power and appropnate signals are 
fed to the stimulator using radio fre¬ 
quency induction. 

Ms. Julie Hill has been undergoing 
tests once a week during'which the 
nerves in her back are electronically 
stimulated and the effect this has on the 
leg muscles is recorded Her perfor¬ 
mance has improved over time as she 
recovered from the surgery and her 
muscles grew in strength 

The hioengineers and physiothera¬ 
pists are currently studying variations 
in her performance They will continue 
their series of implantations and hope 
to develop the device so that it can give 
greater control over the legs and the 
bladder, Dr Donaldson hopes that fur¬ 
ther development and wider clinical test¬ 
ing at other spinal injury centres will be 
only a few years away. 

Courtesy : Spectrum 

Diamonds Synthesized in 
Space 

The National Space Development Agency 
(NASDA) of Japan has succeeded in syn¬ 
thesizing a thm-film diamond in the 
microgravity environment, marking the 
world’s first successful Chemical Vapour 
Deposition of diamond 

The thin-film diamond is attracting 
attention as a promising electronics 
material due to its outstanding intnn- 
sic properties 

The experiment, conducted in a 
microgravity enVifonment free of ther¬ 
mal convection, is expected to yield fruit- 
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ful results not only for the ground re¬ 
search into this matetial, but also for 
the efforts to advance further material 
experiment technologies in outer space 

The experiment was performed 
aboard the Space Flyer Unit (SFU) 
launched by NASDA's H-II rocket (light 
number 3 in March, 1995 

It was retrieved by the US space 
shuttle with Japanese astronaut, 
Wakata, operating the onboard manipu¬ 
lator 

The SFU remained in a 480-km or¬ 
bit for about six months and conducted 
over 20 experiments It took abbut five 
hours to synthesize on thm-film dia¬ 
mond, 

The primary assessment of the re¬ 
covered thin-film diamond, conducted 
by modal observation with scanning 
electron microscope, confirmed its mor¬ 
phological growth under the 
microgravity environment , 

The synthesis of diamond in space 
was also proved by the Raman Spectro¬ 
scopic Analysis. 

Low-fat Diet could 
, be Suicidal 

Latest studies suggest that a low-fat diet 
may drive people to suicide According 
to these studies, low cholesterol levels 
may be good for the heart but bad for 
psychic to the content that li may in¬ 
crease the risk of depression. 

However, other experts feel that 
these suggestions are still not proved 
beyond doubt 

In one of these studies, more than 
6,000 men in their forties and early fif¬ 
ties had their cholesterol measured and 
were followed for 17 years It was found 
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that 32 had committed suicide The risk 
of suicide for those with low cholesterol 
was more than three times that of oth¬ 
ers, after taking account of other differ¬ 
ences, according to researchers at the 
National Institute of Health and Medi¬ 
cal Research in Pans 

However, an accompanying editorial 
by S Lon Brown, senior scientist at the 
Centre for Devices and Radiological 
Health in the USA, says those who com¬ 
mitted suicide may have Ireen illcr to 
begin with "Men who are ill may be de¬ 
pressed and this may have influenced 
their appetite and hence cholesterol lev¬ 
els" 

In a second study, by researchers 
from Vienna, 20 pregnant women had 
their cholesterol measured before and 
after birth, because of the known sud¬ 
den fall in the levels after delivciy The 
results showed that those with the 
sharpest fall in cholesterol were most 
depressed 

A second commentary, by Malcolm 
Law, of the Wolfson Institute of Preven¬ 
tive Medicine in London, says Ihal 13 
trials of cholcslcrol-lowering drugs had 
shown no increase in depression among 
those taking them. The debate about a 
possible link between cholesterol and 
suicide had been overwhelmed by ‘irrel¬ 
evant' evidence. 


Genetic due to High Blood 
Pressure 

The discovciy lhal a rare genolic dofecl 
causes high blood pressure could result 
in better trcalmenl lor thousands ol siil- 
ferers. 

Dr Paul Stewarl and colleagues from 
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the Department of Medicine at Birming¬ 
ham University in the English Midlands 
found the defective gene m two young 
brothers who had a rare form of high 
blood pressure. Their parents were 
healthy, but were first cousins and the 
boys had inherited one copy of the gene 
from each. 

The gene normally makes an enzyme 
that converts the stress, hormone corti¬ 
sol into inactive cortisone The children 
lack this enzyme and the excess cortisol 
interferes with the uptake of another ad¬ 
renal hormone, aldosterone. Aldosterone 
IS important in controlling salt levels and 
therefore blood pressure, and by block¬ 
ing a normal blood pressure control 
route the cortisol causes high blood pres¬ 
sure. 

Dr Stewart says although the gene 
defect is very rare, he believes it could 
be much more widely relevant to the 
problem of high blood pressure He ex¬ 
plained : "Up to a third of people with 
high blood pressure have some evidence 
of inappropnate salt retention Although 
they won’t have a full-blown defect, it 
could be that much more'sure abnor¬ 
malities produce an enzyme that is fir¬ 
ing on two cylinders rather than four". 

The Birmingham team is now look¬ 
ing at high blood pressure sufferers to 
see if they are converting cortisol to cor¬ 
tisone normally Its work could result in 
new drugs but Dr Stewart says they may 
not be necessary. He coritmues' "Even 
with the drugs we have got, in many 
cases of hypertension we could do a 
much better job if we knew what the 
underlying defect was" 

Courtesy : Spectrum 


Making Sure the Eye does 
not Lie 

Automated recognition of people by the 
pattern of the ins in the eye offers major 
advantages over conventional identifica¬ 
tion techniques. The pandom and highly 
complex patterns in the structure of 
mses are even more individual than fin¬ 
gerprints and these features lend them¬ 
selves more readily to rapid checking 
against a computer database. 

Dr John G Daugman at Cambridge 
University has developed computer al- 
gonthms that enable the unique features 
of an iris to be encoded in as little as 
256 bytes, which enables the identity of 
an individual to be established, verified 
or denied, by comparing it with refer¬ 
ence to ins patterns, at a rate of 40,000 
persons a second using ordinary com¬ 
puter equipment. Simple dedicated hard¬ 
ware can speed up this search to 160 
million people a second, believes Dr. 
Daugman, 

One of the first commercial applica¬ 
tions of Dr Daugman’s technology is to 
identify users of ATMs (automatic teller 
or cash dispensing machines) through 
the use of a built-in ’smart’ camera now 
being developed by Sensar of the USA 
for Oki, Japan’s largest manufacturer of 
ATMs. 

The complex mathematics needed to 
encode and compress the large quantity 
of digital data contained in the image of 
an iris into a small data-storage vol¬ 
ume—while enabling 1he presented im¬ 
age to be compared to a reference image 
with extremely low error rates (said to 
be many hundreds of times less than 
other bioelectric identification sys¬ 
tems)—is at the heart of the technology. 
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The structure of an iris remains 
stable over decades The system also 
detects the small variations such as con¬ 
striction and dilation of the pupil, which 
are characteristic of a living eye, so that 
it cannot be deceived by, for instance, 
presenting a take eye or photograph. 

Licences are also currently being 
negotiated for car anti-theft devices, and 
for use of the ins pattern as an encryp¬ 
tion key for securing telecommunications 
over non-secure channels 

Courtesy ■ Spectrum 

Fossil of ’Oldest’ Bird qn 
Display 

What scientists claim to be the world’s 
first bird was displayed to the public for 
the first time in Beijing during an exhi¬ 
bition held in January 1997 The feath¬ 
ered animal is believed to be the ances¬ 
tor of all the birds, 

The fossil was found in Liaoning 
province by a fossil-hunter, Li Yumin He 
took it to the Geology Museum in Beijing 
believing it to be a dragon The museum, 
determined that the fossil was that of a 
bird and the oldest ever found. 

. The Chinese have given the fossil the 
name Sinosauropteiyx Pnma, In appear¬ 
ance it is closer to a land-based dino¬ 
saur, but it has a number of character¬ 
istics that prove the evolutionary link 
with birds, 

According to the experts "The fore¬ 
legs show a definite tendency to devel¬ 
oping towards wings". The key factor, 
however, was the discovery of feathery 
imprints in the fossil 

"Without the indication of primitive 
feathers, it would have been hard to say 


for certain whether the animal was a bird 
or just a small dinosaur", said the ex¬ 
perts. It IS believed that Sinosauroptei^ 
was probably unable to fly, despite pos¬ 
sessing feathers, primitive wings and 
other bird-hke features. It is speculated 
that it ran on its hind legs rather like an 
ostrich. 

The role of the earliest bird has long 
been taken by Archaeopteryx- 
lithographica, which flo,unshed about 
150 million years ago. Though not an 
agile flyer, it was certainly capable of 
flight If the role of .Sinosauropteryxis 
confirmed, it will represent an earlier 
stage in avian development when rep¬ 
tiles first developed wings 

But some scientists still disagree 
with the idea, insisting that it was merely 
a "warm-blooded dinosaur with feather" 

Ornithologists believe birds evolved 
from reptile-like dinosaurs during the 
Tnassic penod, more than 250 million 
years ago. 

Life on Mars Possible 

Life may have existed on mars billions, 
of years ago and could still be there to¬ 
day, claim British scientists based on 
new evidence unearthed by them 

British scientists from the open uni¬ 
versity and the natural history museum 
have confirmed that a second meteorite 
from the red planet contains significant 
amounts of organic material, the state¬ 
ment added 

The scientists also found tiny 
amounts of carbonate in the original 
Martian meteorite with a geological sig¬ 
nature suggesting it was formed from 
methane — a gas often produced by 
micro-organisms 
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Planetary Cooling Reverses 
Warm Weather Trend 

According to the Britain’s Meteorologi¬ 
cal Office, the warming trend that be¬ 
gan in the early 1980s was reversed in 
1996 with a sharp cooling of the planet. 

The dip in temperature was due to a 
phenomenon known as the North Atlan¬ 
tic oscillation which has flipped for the 
first time in 10 to 15 years. 

Dunng most years, there is low pres¬ 
sure over Iceland and a high over the 
Azores in the winter months. It means 
that westerly winds dominate blowing 
over the British Isles and into northern 
Europe and Russia 

But in 1996 there was a ’flip’ similar 
to the famous freezing winter of 1963, 
with a high between Scotland and Ice¬ 
land and low in the Azores .leading io 
easterly winds sweeping m from Siberia 
and the Arctic. , 

These led to freezing Siberian winds 
blasting most of Canada and northern 
Europe, including Bntain over Chnstmas 
and during the early part of the year. 

The year 1996 has been 0 2 to 0.15 
degree C cooler than 1995, the hottest 
year on record, and 1990, the second 
hottest year on record A climate phe¬ 
nomenon, called El Nino,' also halted — 
making the tropics slightly cooler too. * 
However,,scientists warn that it does 
not mean the underlying trend of global 
warming is over and overall the world’s 
temperature in 1996 will be between 0.6 
and 0.8 degrees C higher than in the 
1860s when records began 

Since the early 1980s the world has 
steadily warmed The dust cloud caused 
by the eruption of Mount Pinatubo, in 
I the Philippines, in June 1991, partly 
' slowed down the warming trend. 


Intelligent Cat's Eyes’ Wajrn 
drivers of Hazards 

Intelligent 'cat’s eyes’ which detect and 
communicate hazardous road condibons 
to drivers by emitting a series of differ¬ 
ently coloured light beams,, have been 
developed by scientists at a British com¬ 
pany 

The Intelligent Road Stud (IRS), from 
AsLucial Ltd has a built-in microproces¬ 
sor and sensors that detect different 
weather conditions and the speed of 
passing traffic. It is powered by a re¬ 
chargeable solar cell and a tiny internal 
battery 

When the unit detects a hazard, such 
as fog, it emits a flashing white light 
which is projected towards oncoming 
vehicles This provides drivers with a 
clear outline of the road, ahead, unlike 
traditional ’cat’s eyes’ which are at their 
least effective in fog. 

Similarly, if temperatures drop and 
there is a possibility of ice forming, the 
IRS will emit a flashing blue light, and 
continue to do so until the ice melts 
Heavy rain, which brings the possibility 
of aquaplaning on surface water, also 
triggers a blue light 

In all hazardous conditions the IRS 
leaves a trial of orange flashing lights 
behind passing vehicles, indicating the 
approximate stopping distances to fol¬ 
lowing vehicles If a driver gets too close 
to a vehicle in front, the lights turn red. 

The units can be set inside existing 
road stud housings, or alternatively 
mounted on posts and New Jersey Bar¬ 
rier, and operate in a temperature range 
of 40°C to '+85°C The company claims 
that the solar rechargeable units will 
operate for several weeks on a single 
charge, replenishing their energy dur- 
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mg daytime (even on overcast days) and 
at night from vehicle headlight beams. 
A maximum operational life of 10 years 
IS also claimed 

Each of the features is available as a 
single-function unit—or any combina¬ 
tion of features may be specified. In its 
simplest form the unit could be installed 
as a night flasher device, delineating the 
road fai" beyond car headlight beams 'fhe 
company has also developed infrared - 
and RF-communicatmg models for in¬ 
stallation in tunnels, airports and other 
locations requiring centrally controlled 
switchable lane markers, 

The product is being installed on five 
kilometers of a highway in a mountain¬ 
ous region of Canada, infamous for' 
dense fog 

Courtesy • Spectrum 

New Surfacing brings Instant 
Repairs to Roads and Runway 

Permanent repairs to roads and airport 
runways can be made instantly using a 
material developed by a specialist Brit¬ 
ish company,The surfacing can be used 
in conditions ranging from very dry to 
veiy wet and from -(-40° to -40°C The 
manufacturer claims that within seconds 
of application, it will be possible to drive 
heavy vehicles or to land aircraft on the 
repaired surface 

The matenal Emcol IRR, can be used 
for cost effective repairs to asphalt, mac¬ 
adam, concrete and other surfaces It 
abuts well to metal and composite ma¬ 
terials and IS not subject to shrinkage, 
stopping or liquid/aggregate separation 
The material, which consists of a com¬ 
bination of selected aggregates and a 


binder liquid based on penetration bitu¬ 
mens, resins, adhesives and other addi¬ 
tives, is applied cold without the use of 
hot-laid asphalt 

Emcol IPiR is also widely used for 
infilling cable ducts, trenches, core holes, 
access-cover surround and drains, 
ramping, concrete-slab-corner repairs 
and for jointing Packed in 25 kg 
resaleable buckets, the product has a 
storage life of 10 months and is cold 
applied straight from the pack It needs 
no track coats, overbanding or special 
equipment 

Were Some Dinosaurs Cold 
Blooded ? 

A group of scientists has claimed to have 
found the first fossilized evidence that 
some dinosaurs were coldblooded 

But several experts are of the opin¬ 
ion that the research did not close the 
debate over whether dinosaurs were 
coldblood or warmblooded and the ques¬ 
tion might never be fully answered, 

Researchers have found that the 
computed axial tomography — or cat 
scans — of "superbly preserved speci¬ 
mens? of cretaceous dinosaurs show 
nasal anatomy sitnilar to that of 
coldblooded modern animals such as 
crocodiles and other lizards. 

The scanned specimens included a 
tyrannosaurus rexlike dinosaur: a 
velociraptor, or biped type; an ostrich 
type, and a duckbilled type, all of which 
lived toward the end of the dinosaurs' 
era 

The cat spans showed that the dino¬ 
saurs had narrow, tubehke nasal pas¬ 
sages with no trace of respiratory turbi¬ 
nates, spiral structures that in such 
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warm-blooded animals as birds and 
mammals increase the surface area of 
their nasal passages 

Respiratory turbinates reduce the 
otherwise sharply accelerated rates of 
evaporative heat and water loss that 
would come with high breathing rates 
Their absence indicates, that the dino¬ 
saurs' breathing and metabolic rates 
were low enough to keep evaporative heat 
and water loss from being a problem. 

Research on dinosaurs’ metabolisms 
~ which would hold clues to their feed¬ 
ing, reproductive and overall living hab¬ 
its — has been hampered because most 
information was contained in soft tissue, 
which did not fossilize 

Some experts familial' with the study 
said they remained doubtful that the lack 
of respiraloiy turbinates was solid evi¬ 
dence of metabolic rates or that the fos¬ 
sils could adequately show an absence ; 
of turbinates 

Honey Bees to Monitor 
Toxic Chemicals in the 
Atmosphere 

Services of thousands of honey bees are 
being utilized in a unique manner to 
delect traces of escaping chemical weap¬ 
ons at one of the most toxic dump sites 
in the USA. 

According to Mr Jerry J 


Bromenshenk, a University of Montana 
Biologist who designed the project for the 
military base "honey bees do so by buzz¬ 
ing from flower to flower, gathering nec¬ 
tar and pollen and particles of everything 
else they happen to touch" 

A report published recently reveals 
that every move of the honey bees en¬ 
gaged m minority is spied continuously, 

It includes continuing their comings and 
goings, sniffing them, even gauging the 
amount of wind generated by their wings, 

According to Mr Jerry honey bee is 
probably nature’s most superb monitor 
of materials, He describes them as fly¬ 
ing dust mops in air, with their electro¬ 
statically charged hairs. 

In earlier projects, the bees from the 
hives near contaminated sites were pe- 
; nodically removed to study the content 
of the dust sticking to their bodies. 

The project conceived now is more 
sophisticated, with 14 beehives enclosed' 
in wooden boxes shaped like two-drawer 
filing cabinets that are loaded with high- 
tech instruments. Infra-red beams 
record the comings and goings of each 
hive’s 10, 000 residents. The hives are 
constantly weighed, while other devices 
measure and chart their temperature 
and humidity 

Researchers periodically draw air from 
the hives through tubes loaded with car¬ 
bon filters that trap volatile chemicals. 






Book Review 

Numerical Problems in 
Physics 


I By B L Dhar, published by SuUan Chand ' 
& Sons, New Delhi, 1996 (Tenth revised 
edition). 

This book is written for +2 students who 
intend to prepai'e for entrance tests con¬ 
ducted by vatious agencies for admis¬ 
sion to Engineering and Medical 
Courses with difficulty level ol problems 
set m such tests going up and with the 
gap between the difficulty levels of prob¬ 
lems se( in such tests and the those set 
in Board's papers, such books have made 
their own place and utility This book 
contains 28 chapters detailing problems 
and their solutions on various topics in 
\ physics Definitions of relevant formu¬ 
lae, symbols and concepts have been given 
at the beginning of each chapter Differ¬ 
ent types of problems have been included 
under each topic and a good number of 
these problems ai'e adopted from old ques¬ 
tion papers Fully solved question papers 
of IITEE '91, '92, '93, '94 and Roorkce 
EE '91 ai'e included as Appendices to¬ 
wards the end of the book Appendix VIII 
gives an additional set of objective type 
questions and their answers. 

Though (he liook presents a good 
collcclion of problc'ins on all topics rel- 
evanl to +2 jibysics, (he chapters are not 


ordered properly content-wise For ex¬ 
ample, Kinetic theoiy of gases and Ther¬ 
modynamics arc covered m Chapter 10 
and 11 respectively but Heat is discussed 
m Chapter 25. Similarly, Optics is in¬ 
cluded at Chapter 14 .but Light is in¬ 
cluded at Chapter 26' These two chap¬ 
ters should be better merged into one 
chapter. Further, Electrostatics is taken 
up in Chapter 28 while Electncity (I) and 
Electricity (II) are discussed in Chapter 
15 and 16 

A number of printing mistakes have 
also crept in. For example, on page 1 7 in 
Eq,[l) P should he printed as T ^ Simi¬ 
larly, on p 5 10, Iasi line should read as 
6 4 xlO*" A better proof reading will pos¬ 
sibly eliminate the printing mistakes Pic 
pages m this book are not numbered in 
a way convenient to readers In fact, it 
would be a good exercise for students to 
find the total number of pages in this 
book 

Though SI units and standard sym¬ 
bols are used throughout the book, stan¬ 
dard symbols have not been used con¬ 
sistently For example, for second ‘s’ 
should be used but al many places, sec 
is used ( see, e g , Ex 22 p 2 15 ] 

But taken in totality, the author has 
done a good job in collecting the prob¬ 
lems and presenting Lheir solutions and 
this book will sewe as a good sourcebook 
for students who intend to prepare for 
adiiii.ssion test lo various Medical / En¬ 
gineering Courses 

V.P SmvAsiAVA 
Deparlmenl ofEchicalion in 
Scienrc and Malhcmalirs 
NCERT, New Delhi 
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SCIENCE RELATED VALUES 


Curiosity, quest for knowledge, objectivity, honesty and 
truthfulness, courage to question, systematic reasoning, 
acceptance after proof/verification, open-mindedness, 
search for perfection and team spirit are someof the basic 
values related to science. The processes of science, which 
help in searching the truth about nature and its 
phenomena are characterised by these values. Science 
aims at explaining things and events. Therefore to learn 
and practise science: 

* Be inquisitive about things and events around you. 

* Have the courage to question beliefs and practices. 

Ask *what*, ^how' and 'why' and find your answers 
by critically observing, experimenting, consulting, 
discussing and reasoning. 

* Record honestly your observations and experi¬ 
mental results in your laboratory or outside it. 

* Repeat experiments carefully and systematically if 
required, but do not manipulate your results under 
any circumstance. 

* Be guided by facts, reasons and logic. Do not be 
biased in one way or the other. 

* Aspire to make new discoveries and inventions by 
sustained and dedicated work. 
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F ncUon and motion are insepa¬ 
rable from each other Wher- 

1 ^-ever there is motion, forces of 

Iction arise in some form or the other 
tiction forces play an important role 
1 our environment In almost all me- 
hanical phenomena, there arises force 


ol Inchon whose action as a rule' is I 
associated with a transiormation ol one 
lorin ol energy into anothei, Most ol- 
Icn. under the action ol Iric'tion the | 
mechanical energy is Iranslonned into 
heat So far as (heir action is concc'rncd 
lorccs ol Iriction do not dillcr from other 
types of forces such as lorce of gravity, 
or deformation, but their nature pos¬ 
sesses some specific features Using 
Newton's laws of motion, we can dis¬ 
cuss the variation of velocity/ac'cclcra- 
lion ol a body with lime under the ac¬ 
tion ol an applied force and the Inction 
lorce Though the role ol Irietion lorc'es 
in motion is well understood, the na¬ 
ture of friction is not Still there is no 
microscopic' theoiy which provides coin- 
pleie explanation of dilleront type's ol 
inction and a basis ol ealeulalmg Ihc'se 
lorces for a given pair ol snrlaees un¬ 
der various eondilions. In this artu'le 
we will disc'uss about different types of 
frielion their possible origins and linally 
their role in determining the nature ol 
motion of an ob)ec'L 

Lei us consider two examples In the 
first example, let us consider a body ly¬ 
ing on a table Suppose we tiy to push 
it along the horr/.ontal surlaee by 
gradually increasing an applied force 
When the applied lorce P is not sulli- 
eienlly large, (he body remains at rest 
But (rom Newton’s hrst law ol motion 
this means that the table ac'ls on the 
body with a force whose magnitude is 
equal to that ol P while its direction is 
• opposite It is the force F (= - P) that 
; results from the Iriction between the 
; body and the table The force of the 
: gravity on the body and the reaction 
force of the table on it are vertical and 
in opposite directions: they balance 
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each other and so do not aflect the 
magnitude of tire honzontal forc-e When 
we increase or decrease the applied 
force, the friction force also vanes ac¬ 
cordingly Second example, if we slide 
a book on the surface of a table, the 
mo Lion of the book undergoes a decel¬ 
eration and the book will finally come 
to rest. Thus the velocity of the book 
decreases and the direction of its ac¬ 
celeration IS opposite to that of the ve¬ 
locity, The deceleration of the book is 
caused by the forces of friction exerted 
on it by the table 

The physical characters of the fric¬ 
tion forces in the above two examples 
are quite different In the first example, 
the friction force is due to the action of 
external force P and in this case we 
speak of the force ol friction of rest or 
of static friction. As we increase the 
magnitude of the lateral force, the force 
of static friction also increases linearly 
as shown in Fig 2(a) until the body 
(mass m) begins to slide The magnitude 
of the maximum possible friction force, 
f , IS observed to be directly proportional 
to the reaction iorce N (= m g) of the table, 

= ( 1 ) 
where is called the coellicient of static 
friction. Its value depends upon the ma¬ 
terials that are in contact and the ma¬ 
ture of the surfaces of the materials It 
takes less force to overcome the, fric¬ 
tional forces between a piece ol ice and 
a wood surface than those that exist 
when a block of wood surface than 
those that exist when a block of wood 
having the same weight is put in its 
place In the phenomenon of static fric¬ 
tion there is no motion of bodies and 
therefore no work is performed, that is. 
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no energy is converted from one fornl 
to the other | 

In the second case, the friction forcl- 
IS due to the relative motion of one bodl 
over the other and is known as kinetl| 
friction or sliding friction Here loo Uil 
force ol friction is opposite to the duecl 
tion of motion and its magnitude is onc| 
again proportional to that of Lhe norf 
mal reaction force N and we have j 

k = HkN ft 

Where p^ps the coelficienL ofkmelt 
friction. It is experimentally found lhal* 
the Iorce of kinetic friction that ads/ 
when a body slides along a supporling 
surface is almost invariably less thaij 
the maximum static friction force th^ 
same interface can support This impliesj 
that for a given interface p,^ is alwajs 
less than p^ The force of kinetic fnc 
tion vanes with the applied force as 
shown in Fig 2(a) Further, the action 
of Lhe force of kinetic friction involves 
work and in such cases there is bans 
formation of kinetic energy into heat 

Equation (2) embodies a simple em 
pineal law about friction first enund 
ated by Leonardo da Vinci (1452-15191 
This law was rediscovered by Amonton 
m 1699 and verified by Coulomb ii 
1781, who was the first to distmguis' 
clearly between static and dynamic frit 
tion The law states that the magnitiul 
of the friction force between unluhricatei 
dry surfaces sliding one over the oth 
IS proportional to the normal jbree acta 
oh the surfaces and is independent 
the area of contact and of the relntij 
speed. It should be noted that the d 
rection of the two forces are, howevi 
quite different' the normal force N i 
perpendicular to the surface of the coi 
tact; whereas the friction force ,f^ 
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parallel to this surface, m a direction 
opposite to that of the motion. But the 
"law " of friction lacks the general valid¬ 
ity of, say Newton's laws and is only ap¬ 
proximately valid. It merely descnbes the 
results of empincal observations and is 
not based on any detailed theoretical un¬ 
derstanding of the mechanism that 
causes friction Deviations from this 
simple law occur at high speeds and low 
speeds However, we can ignore these de¬ 
viations in many eveiyday problems The 
simple law is then a reasonably good ap¬ 
proximation for a wide ramge of materi¬ 
als, and it is at its best for metals 
A few representative values of coef¬ 
ficients of friction are given in Table 1 
The friction coefficients depend on the 
condition of the surfaces The values in 
the table are typical for dry surfaces but 
not entirely reliable The friction coeffi¬ 
cient depends on the conditions of the 
surfaces In general, the coefficients of 
fnction of nonmetals are lower than 
those of the metals, with diamond, co- 
mndum and sapphires giving very low 
values of the order of 0.04' - 0 10 The 
frictional coefficients of plastics and poly¬ 
mers depend on their structure and vary 
from as low as 0.05 to 1.5, which is the 
value for most metals. 


Table 1. A few representative values of 
coefficients of friction 


Sviface 

M, 


Copper on steel 

0.53 

0.36 

Copper on cast Iron 

1.05 

0.29 

Rubber on concrete 

0.90 

0,80 

Wood on leather 

0 50 

0 40 

Steti on Ice 

0 10 

0.06 

Ice on Ice 

0.05-0.15 

0 02 

Steel on steel 

0,74 

0.57 

Glass on glass 

0.94 

0 40 
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The friction between diy surfaces oi 
rigid bodies is sometimes also known 
as dry friction and static and dynamic 
frictions are its two kinds. A third head¬ 
ing under which dry friction is some¬ 
times classified, in addition to static and 
dynamic friction, is rolling friction 
which arises during rolling motion ol a 
body. But the coefficient of rolling Inc¬ 
hon is in general very small in compari¬ 
son with the other two coefficients For 
example, whereas the coefficient of Inc¬ 
hon for steel sliding on steel is of the 
order of 0.2, the corresponding quan¬ 
tity for a, steel ball rolling on steel is 
only about 0 002 It is because of the 
extreme smallness ol rolling fnchon that 
ball and roller bearings are extensively 
used in machinery. There is second type 
of friction known as viscous friction. 
This type ol friction arises when a body 
moves m a fluid or gas, But there is 
one important distinction in the Iwo 
types of friction While m the case of 
dry friction there may arise a force of 
static friction (friction of rest), in the 
Ccise of viscous fnchon the force of static 
friction does not appear — m fact it is 
zero -The forces of viscous fricLion 
appear only during the course of mo¬ 
tion and their action is always associ¬ 
ated with the transformation of the me¬ 
chanical energy into heat. 

Static friction, on the whole, is use¬ 
ful and it id difficult to imagine what 
life would be like without it The possi¬ 
bility of making string, rope and lab- 
ncs of all kinds depends on static fric¬ 
tion, the strength and durability ol the 
materials depending on the friction be¬ 
tween the fibres But for Inchon, knots 
would come undone — indeed, it would 
not even be possible to tie them in the 
first place! The action of belts, pulleys, 
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and Inc'lion drives in machinery de¬ 
pends on static Iriction, Finally, but lor 
static 1 notion we should not be able to 
walk, or to start, stop, or change the 
direction of wheeled vehicles 

Kinetic Inction, on the other hand. 
IS generally a nuisance For example, it 
I IS responsible lor the "dissipation" of en- 
I ergv (conx'crsion ol other lorms into 
1 heat) in inaehinei-y and for its eventual 
! wearing out. Among the few items on 
the credit .side are the action of the 
clutch ol an automobile (during start¬ 
ing) and the action of brakes, 

Friction also arises in relative mo¬ 
tion ol bones at joints in our body. But 
nature lias provided a special lluid 
known as synovial lluid in Joints which 
i reduces the Irieliori considerably The 
j end ol each bone is covered by a layer 
of eaitilagc, Faeh joint is onelosecl by a 
membrane, and the cavity is llllecl with 
I synovial liquid. The cartilage acts as a 
sponge lor synovial lluid. At a joint the 
bones are in contact over a small area. 

1 and this pi esses the synovial lluid out 
ol the cartilage to provide weeping lu- 
linealion 'I'his yields a very small coel- 
licient ol Inclion ol about 0 003 emcl 
thereby laeililalcs easy motion of bones 
at ttie joints 

Origin of Dry Friction 

'fill date we do not have a' mieroseopie 
theory whieli prox'ides a thorough ex- 
plaiiahoii ol Inction ol diy .surfaces But 
, il IS believed that the major cause ol 
this type ol Inction is the mieroseopie 
roughness ol the surlaccs in contact 
Wc pri'scul a rough scheme of the phe- 
I nonicna giving rise lo ilic lorccs ol dry 
i li'Klion I'lgiirc 1 shows an enlarged 
noniial scilioii ol llic contacting sui- 
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faces of two solids In reality, the sur¬ 
face of a body cannot be perfectly 
smooth, it always consists of a series ' 
ol hills and valleys which, although not ’ 
apparent to the naked eye, are large i 
enough on a molecular scale. For ex- . 
ample, a metal surlaee linely tuned in 
a lathe will have hills about 5 pm (5 x 
10'‘’m) high, but these can be reduced 
to about 0.1 pm by earelully lapping 
with line grade of polishing materials, i 
Such asperities are still large on a 
molecular scale, so that even when two 
highly polished surfaces come into eon- 
tael, they do so only at high points 
(points such as a, b, and e in Fig 1) In 
laot, the true area ol contact may be a 
factor ol 10'' less than the apparent 
value Since the contact area maybe 
veiy small, the pressure at these points 
is veiy large indeed. In most eases such 
a high pressure is sufficient to deform 
the surfaces at the points of contact 
plastically so that the contact area be¬ 
comes larger, At the same time, adhe¬ 
sion or welding will occur at the high 
spots because the two surfaces are so 
close together at such points that the 
unsalisliecl surface bonds can become 
inlcrconnected ' 
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In the state of rest, when the forceb 
of static friction arise, that is when P < • 
r, the horizontal tangential eomponenls 
of the interaction forces between the 
protrusions of the bodies, "create" the . 
force of friction that exactly balances ! 
the external force, Let us consider the 1 
situation shown in Fig, 1 When an 
external force P is applied to body 2 • 
tangential forces f,, f|j, and f arise in 
the region adjoining the points a, b, and 
c, The resultant ol these lorces is in 
balance'with the external force (In the 
figure, the vectors representing the 
forces f^, and f, are depicted above 
the bodies for the sake of visuality in 
reality, the direction of the forces he in 
the plane of the interface between the 
two bodies) 

When P > fg, that is when the bod¬ 
ies are in relative motion, the lorces of 
adhesion or cohesion also arises due to 
close proximity of the irregularities in 
the surfaces of the two bodies In addi¬ 
tion, these irregularities strike each 
other so that the result of the cohesion 
and impact forces give rise to the fric¬ 
tion iorce resisting the mutual sliding 
of the surfaces of the two bodies The 
Impact forces between the protrusions 
produce their oscillations which propa¬ 
gate in various directions in the contact¬ 
ing bodies It IS plausible that the inelas¬ 
tic deformation accompanying the impact 
of the protmsions and irregularities of 
Ihe contacting bodies also play an im¬ 
portant role in this phenomenon 

Dry Friction ; From Rest to Motion 

Now we will discuss the role* of forces 
of dry friction as we push a body from 
the state of rest to the state of motion 
For this we consider a block ol mass m 


resting on a lionzonlal plane surlacc 
and sul))ecU‘d in an a])plK'd lalenil lorcc 
P as shown in Fig 2(a), Expenniciilallv. 
11 IS loLind thal Ihc Inclioii lone 1 \ai 
ICS with Ihc laU'ral lorcc P as shown in 
Fig, 2(b) At Ihc pninl ol iin|)enfling 
motion Ihc lorcc ol sl.iln InMion 
reaches a maximum valiu' c(|iial lo p N 
= ppng As (he block slails sliding, ihc 
lorcc ol iViclion suddcnlv rcclucL-s in <i 
lower value equal lo ihc kinclic hieiion 
lorcc l| = P|^N (Nolc lhal )i|<' p lIstIis- 
c'usscd above) 


P__ 


L, 


W 


Fig 2(.) 



Fig 2[b] 


Let us now consider llic lichmiour 
of the block under dillcicail aiiplierl 
lorces. 

Block at rest and impcnrlincj nwtian 
When Ihe applied force F is iiol large 
enough, i e , P < f^^ the liloek is in si,me 






equilibrium in the x-direction and we 
have 

r,F = 0 or P - r = 0 . (3) 

or P = f < fy (4) 

At point a, the friction force f 
reaches a maximum value equal to 
fg = vqN At this stage, motion is im¬ 
pending but the block is still in slatic 
equilibrium 

ZF = 0 P - fy = 0 

or P = fo (5) 

Beginning of motion ' 

If we now increase the force beyond 
P = fj|, the block starts moving The fne- 
tion force in action now is due to ki¬ 
netic friction and given by f^ = Pi_N 
Since < Pv block suddenly shifts 
from point A on the static curve to point 
B on the dynamic curve. If the applied 
force continues to be equal to f^. the 
block experiences an unbalanced force 
(P - fi^ ) and an acceleration equal to 
(P - f|^ )/m acts on the body. Now the 
equation of motion is 

Lf = ma or P - f^ = m a 
Because of the acceleration, the 
block gams velocity. After the block has 
been set in motion and has gained some 
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velocity, the motion depends on ilio 
variation of the applied lorce [' vvilh 
tune. We discuss the iollowing siinplt; 
cases 

If the applied lorce is kept suiiph 
constant at the value P = f^, Lhal wa.s 
required to set the block in motion. Ihe 
unbalanced force remains consiani 
The result is that the block ib 
accelerated at a constant rate and its 
velocity increases linearly with lime 
(Fig 3a) 

Suppose the applied lorce is in¬ 
creased linearly with time Then the un¬ 
balanced force also increases lineaily 
and the velocity changes with lime as, 
shown in Fig 3b 

If, al some time T,, the applied loiee 
IS reduced to a value P = f,, the unbal¬ 
anced lorce P - f|^ =0 and the accelera¬ 
tion of the block reduces to zero The 
block moves with constant veloeilv 
(Fig 3c) 

Finally suppose after some timeT,, 
the applied force is removed, i e , 
P = 0 then P - f| = -f,^ and the areelora- 
tion is negative The velocity of the block 
decreases and if comes to rest. (Fig. 3d), 

a 

a 

I 



Fig 3(c)-1 Fig3(ct)-1 



Fig3(c)-2 Fig3(.ti.2 
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F ew inventions in History have 
drawn the extremes of praise 

_ and condemnation that 

Lelevision (TV] has It is hailed as a great 
edurational medium by many: reviled 
by an equally large number as the 
spreader of violence and mental laziness 


(the "idiot box") But none denies its ef¬ 
fectiveness and power The impacL of vi¬ 
sual presentation on Lhe mass is pro- 
lound indeed In its short existence the 
television has practically destroyed may 
long-standing art forms, created new 
ones and led to the rise or fall of many 
powerful political ligures 

If we stand back and ponder for a 
moment what television does is Iruly 
miraculous A cricket match played half 
a world away in, the West Indies is dis¬ 
played instantly in India The horrors 
of a battle field, the einotion-surchai'ged 
atmosphere of a not or demonstration, 
the scenic grandeur of the Antarctica 
or the Himalayas, are all brought effort¬ 
lessly into our own living rooms When 
Neil Arastrong took the first human step 
on the moon, hundreds of millions 
watched him spellbound on their TV 
sets. 

Even within the lew decades since 
its inception television has profoundly 
affected the world. Political campaigns 
in developed natidns are now earned out 
through TV and not through public 
meetings The course of the Vietnam 
War was decisively influenced by televi¬ 
sion People everywhere have become 
more aware of the cultures and atti¬ 
tudes of far away nations and this has 
helped to draw the world together. No 
manufacturer worth his name foregoes 
the advantage of TV advertising The 
hunger of people everywhere for more 
consumer goods and a higher standard 
of living has been fuelled by these ad¬ 
vertisements, It is no longer easy lor 
governments to hide inconvenient facts 
or events from their people since they 
can learn about them through the 
broadcasts of foreign nations through 
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saLellile TV All Lhis has been to the 
good 

The deleterious effecTs of TV are 
however not negligible either and have 
invited score and strong opposition Ironi 
its critics. The main thrust of their ar¬ 
gument is that lA/ has become a chan- 
nc‘l for vulgar entertainment and vio¬ 
lence The growing climate of violence 
in .society is blamed, at least partly, on 
the influence that TV exerts on young, 
impressionable minds Another charge 
IS that it prevents the vigorous exercise 
ol mental faculties by its all- absorbing 
eflcct There is a growing clamour lor 
control of its programmes. 

There is a lot of truth in these cnti- 
ci.sms But the answer to the defects of 
TV IS not censorship, which historical 
experience proves is self-defeating In 
the course of time, after its novelty 
gradually wears off, innate human com¬ 
mon sense will reassert itself and no 
amount of high pressure advocacy can 
make people believe that wi'ong is right 
An example is the gradual decrease in 
cigarette smoking in Western nations 
mspite of all the millions of dollars its 
producers spend on advertising apd 
sponsorship It is also to be noted that 
government controlled TVs command, 
poor credibility with the people, even in 
countries where they enjoy ncai mo¬ 
nopoly. 

Television was anticipated for a long 
time but took several decades to come 
to fruition. Once wireless messages 
could be propagated by electromagnetic 
waves at the speed of light the next 
logical step was to think of picture 
transmission, The first significant step 
was taken by the German inventor Paul 
Niplow in 1884. He used a mechanical 
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scanning device, consisting ol a hghl 
source, a spinning disc with spirally 
distributed holes and photo clecLnc cells ; 
to break up an image into bits and re- : 
assemble them by a reverse process. It | 
worked, but was crude and the picture ' 
quality very poor. The next importanl J 
step was the invention ol the cathode 
ray tube by another German, Ferdin 
and Braun m 1897 Pro! Boris Rosing ■ 
of Russia then combined this tube with 
Niplow's system to produce the first true 
television pictures in 1911 An enthu¬ 
siastic pioneer of television development 
in the following decades was Logie Band 
ol Bn tain. But the most cixicial step was 
taken by Philo T Farnsworth ol the 
USA who rejected mechanical scan¬ 
ning systems and developed the first 
electronic scanning system in 1930 
With the principal technical hurdles 
thus cleared, development ol TV pro¬ 
ceeded rapidly Lhereafter Colour TV was 
also developed using three basic 
colours, red, green and blue. 

In the post Second World War pe¬ 
riod (after 1945), television broadcast¬ 
ing rapidly spread over Western Europe 
and North America and subsequently 
over the rest of the world. The use of 
geostationary satellites to pick up and 
rc-broadcast TV programmes increased 
its reach immensely The limitation 
imposed by the cuiwature of the earih 
was thereby overcome (TV signals, un¬ 
like radio waves, are not reflected bark 
to the, earth by any atmospheric layer). 
Today practically no countiy in the 
world remains uncovered by Television. 

Figure 1 shows the basic layout of 
a colour TV transmission and receiving 
system. The light from the object is | 
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focussed by the lens (1) of the TV cam¬ 
era on colour selective mirrors, which 
reflect red, green and blue images on 
the three tubes (2) These tubes con¬ 
vert the optical images Into electrical 
signals which are scanned by an elec¬ 
tronic 'beam Unit (3) combines the sig¬ 
nal to form a black and white signal 
Unit (4) hnxes this signal with a 
colouring signal. Unit (5) is the trans¬ 
mitter, which through a tall mast (6) 
broadcasts the final signal. 

At the receiving end, unit (7) de¬ 
codes the signals into separate blue, 
green and red signals Unit (8) gener¬ 
ates electron beams of varying intensity 
to produce the required amount of red. 
green and blue light at each point on 
the screen. Deflector colls, make the 
three electron beams scan the screen, 


both top to bottom and side to side A 
shadow mask ensures that each colour 
beam reaches the corresponding stripes 
of phosphor coated on the screen, A 
composite colour picture then emerges 

With electronic components becom¬ 
ing smaller and more reliable with time, 
the future is likely to see large but thin 
TV sets which can be hung oh a wall 
like a picture, pocket size TVs and so 
on 

Even the most sagacious prophets 
of today can not predict what the ulti¬ 
mate effects of the revolution launched 
by the TV will be They arc gradually 
unfolding before our eyes. But certain 
it is that the world will never be the 
same again; so profound and powerful 
has been the impact of this latest and 
greatest revolution in communications 

J- 





Fig 1. Main features of a colour television transmission 









Heavy Metal Pollution - 
What is it ?* 
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he lerm "heavy rrrelals" is 
somewhat imprecise The Lerm 
includes most metals and mel- 

* This IS the fust article of a senes of thiee 
arlicles on 'Heavy Metal Pollution' The other 
aitides ol the senes will he published in 
siibsequeni issues 



alloids with atomic number greater 
than 20, but excludes alkali metals, the 
alkaline earth metals, the lanthanides 
and the actinides (1) The term is.com¬ 
monly adopted as a group name for the 
metals (and metalloids) which are as¬ 
sociated with pollution and toxicity, al¬ 
though heavy metals also include ele¬ 
ments such as iron, copper, manga¬ 
nese, selenium, zme etc,, which at low 
concentrations are essential for living 
organisms "Toxic metals" is a term 
suggested as an alternative to the Lerm 
heavy metals but the term toxic met¬ 
als could be applicable only to the non- 
essential elements such as lead, cad¬ 
mium, mercui-y, arsenic etc , but not 
to those biologically essential elements 
as mentioned earlier "In place of the 
heavy metal" the term "trace metals" is 
gaining popularity, but is yet to attain 
common usage (2) Thus^ for our pur¬ 
pose we shall use the more widely 
recognised term’ heavy metal (in el¬ 
emental or combined form irrespective 
of whether the element is a metal or a 
metalloid), 

Heavy metals are continually re¬ 
leased to the environment by natural 
processes, such as geological activities, 
volcanic eruptions, weathering of rocks 
etc. They may also get added to the en¬ 
vironment as soluble materials, chemi¬ 
cally weathered from soil and rocks due 
to geochemical alternations. For, millen¬ 
nia, living beings have collectively and 
individually managed to cope with this 
natural discharge of hea-vy metals to 
their environment 

Environmental pollution caused by 
the addition of heavy metals to the eco¬ 
system due to anthropogenic causes (i e. 
caused by human activities) began with 
the domestication of fire itself. The 
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deposition of small am'ounts of heavy 
metals, released during burning of fire 
wood, altered the metal levels in the 
cave environment With the discoveiy 
of mining and metal working tech¬ 
niques, a link between metals, metal 
pollution and the human environment 
was formed. Though the ancient mines 
were operated in small scales, but un- 
I controlled smelting of large quantities 
of ores in open fires resulted in sub- 
' stantial emission of heavy metals to the 
atmosphere. 

The "Industrial Revolution" brought 
about unprecedented demand for met¬ 
als and since then the human race has 
been extracting enormous quantities of 
these metals from natural resources, 
utilizing them In the process at least 
some portion of these materials are 
discharged into the environment This 
process, alongwith greater 
urbanisation, increase vehicular traffic, 
use of modern agricultural practices, 
have ultimately started interfering with 
the nature's own processes (3). Heavy 
metals as pollutants of the ecosystem 
have however, received increasing at¬ 
tention only in the recent years, partly 
because of the growing scientific and 
public awareness of the environmental 
issues 

Studies of effect of heavy metals in 
the ecosystem have indicated that 
many areas near urban settlements, 
near mining areas or near major road 
systems contain anomalously high con¬ 
centration of these elements. In fact, 
we may be experiencing "silent epi¬ 
demic" of environmental poisoning from 
the ever increasing amounts of metal 
wastes on the ecosystem However, on 
the one hand we are faced with the 
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danger of heavy metal pollution while 
on the other agricultural lands in many 
paids of the world have been found lo 
be. deficient in one or more micronutn- 
ents — also heavy metals (or metalloids) 
such as, copper, manganese, zinc, co¬ 
balt, chromium, selenium etc. (4) 

Ifow do Heavy Metals Reach the 
Ecosystem ? 

The ultimate sink for heavy metals (and 
for many Loxic organic compounds) is 
their deposition and bunal in soils, .sedi¬ 
ments and water bodies Heavy metals 
often accumulate in the Lop layer ol (he 
soil and are, therefore, accessibU' lor 
uptake by roots and crojis The organic 
matter which gives the soils a dark 
colour, is primarily 'a nialcrial called 
humus, and is derived principally as 
decay product ol pholosynlhetic planLs 
Humic materials have great allimly lor 
heavy metal cations and extract them 
from the water that passcss through 
them The binding of heavy metal c-at- 
ions occurs largely because of complex 
formation with the heavy metal ion by 
- COOH group present in the humus 
However, apart from this procc.ss ol 
complexation by humic substances, 
heavy metals are also retained by the 
soil and water through two other jiro- 
cesses; (1) adsorption on lo the surlace 
of mineral particles in soil and organic 
particles suspended m water, .and (n) 
precipitation reactions. 

When in water, the particles with 
adsorbed heavy metals eventually selllc 
to the bottom of the water body and be¬ 
come buried when other sedimenls ac¬ 
cumulate on lop of them. The "burial" 
represents an important sink for many 
pollutants However, since adsorption 
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and desorption establish an equilib¬ 
rium, the freshly deposited matter Ccin 
re-contammate the water above it. The 
adsorbed pollutants enter the food web, 
if the particles arfe consumed by organ¬ 
isms that grow at the bottom of water 
bodies (5) Heavy metals which are se¬ 


lectively concentrated by vegetation 
may also find their way to surface water 
following decay and run off They are 
also added to the water system from 
individual sources, especially those de¬ 
voted to mining, cleaning and plating 
of metals Poor disposal methods prac- 
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tised by the industries which use heavy 
metals, also leads to the problem of con¬ 
tamination of the natural ecosystems 
(6) However, apart from being present 
in water and in soil, heavy metals can 
also get transported from place to place 
via air, usually in the form of adsorbed 
or suspended particulate matter (7) 

(Fig 1). 

Toxicity of Heavy Metals 

From the point of view of toxicity to¬ 
wards health of living beings, heavy 
metals can be divided into four major 
groups: 

(i) essential to life processes, copper, 
zinc, chromium, manganese, tin, co¬ 
balt, Molybdenum, scandium, nickel 
vanadium; 

(11) not essential to life process, zirco¬ 
nium; 

(ill) toxic to life process; tin and arsenic; 
(Iv) highly toxic to life processes' mer¬ 
cury, cadmium, lead 
However, it is difficult to make a 
clear distinction between essential and 
toxic metallic elements (and metalloids) 
because all metals (and metalloids) are 
probably toxic if ingested in sufficiently 
large doses (8). 

The symptoms of the toxic effects 
of the heavy metals may vary widely pt 
' the physiological level, but the basic 
mechanisms of toxicity at the molecu¬ 
lar level are limited. The toxicity of the 
heavy metals are found to be caused 
through one or more of the following 
mechanisms: 

(1) Biochemically, the mechanism of the 
toxic action of the heavy metals 
arises from the strong affinity that 
they have for sulphur Thus, the 
sulphydryl group-SH which occurs 


commonly in the enzymes that con¬ 
trol the speed of critical metabolic re¬ 
actions in human body, readily at¬ 
tach themselves to the ingested 
heavy metal The resultant heavy 
metal-sulphur bonding blocks the 
active site of the enzyme, thus pre¬ 
venting it from functioning normally 
This adversely affects the living be¬ 
ings, sometimes even fatally As in a 
familiar reaction of hydrogen 
sulphide (HjS) with heavy metal spe¬ 
cies to produce (MS) (represented as), 
H-S-H+M -> MS + 2H" (M^^ being the 
heavy metal ion) The sulphydryl 
units of enzyme R-S-H produce 
stable systems such as R-S-M-S-R 
with M^* 

R - S - H + - S - R 

R - S - M - S - R -H 2H^ (9) 

(ii) A heavy metal ion may also be able 
to displace essential metal ion from 
biomolecules 

Thus a heavy metal ion may displace 
an essential ion if its affinity to the 
binding site is stronger than that of 
the "native" ion Biomolecules pro¬ 
duced in this process, with "foreign" 
metal ions, often loose capability to 
carry their normal activity 

(iil) Modification of the active conforma¬ 
tion of the biomolecules, especially in 
enzymes, making ihem 
nonfunctionary, is another way in 
which hea'vy metals cause harm to 
living beings. 

(iv) A heavy metal ion may bind itself 
with the negatively charged head(s) of 
phospholipids and thus lead to tox¬ 
icity One of the toxic effects of Pb (ii). 
is considered to be its ability to bind 
itself to PO'*‘^ of proteins 

(v) Heavy metals in some cases, are also 
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found to be effective in blocking some 
enzymes, which degrade the toxins 
produced by bacteria' Cd (li), Pb(ii) 
being two such examples. 

(vi) Pb(II) is found to replace Ca(II) in 
bone material, resulting in reduction 
of the mechanical strength of the 
bones (10], 

The toxicity of the heavy metals also 
depends much on the chemical form of 
the element, i e. upon the speciation. 
Forms which are almost totally in¬ 
soluble pass through the living body 
without doing much harm. The most 
devastating forms of the heavy metals 
are those that cause immediate sickness 
or death. In these cases the time avail¬ 
able for therapy cannot exert its effects 
m time, Apart from this type, for' hu¬ 
man beings, those forms of heavy met¬ 
als that can pass through the mem¬ 
brane that protects the brain, the brain- 
blood barrier or that which protects the 
developing fitetus, can cause alarming 
results, For some heavy metals like 
mercuiy the form that is most toxic is 
the one having an alkyl group attached 
to the metal This is because many such 
compounds are soluble in animal tis¬ 
sues and can pass through biological 
membranes [11). When in an aquatic 
system, environmental factors viz, 
change in- dissolved oxygen, pH, tem¬ 
perature and nutrient content of water 
may modify the acute toxic effects of 
these heavy metal pollutants (12) 

Evidence exists that the biological 
effects of heavy metals are strongly in¬ 
fluenced by their oxidation states and 
the way in which they are combined 
with other substances But the extent 
to which they are available to plants 
and animals m their combined states. 
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and whether the toxic effects are re¬ 
duced by chemical combination, is 
much less understood (13) 

The effect of the toxicity of the heavy 
metals shows in two special patterns, 

(1) Risk arises where a toxin, is dis¬ 
charged into the environment, particu¬ 
larly where the discharge is steady 
However, accidental spillage produces 
an obvious nsks where a low though 
continuous discharge may not have 
been an obvious problem, (ii) Once in 
the environment, the nsk is worsened, 
if the toxin is bioaccumulated and then 
biomagnified, i.e. if the toxin can be 
taken up by liVing organisms so that 
progressively through predators, it mag¬ 
nifies to levels greater than the levels 
found in the environment. However, not 
all toxins, and not all organisms do this 
Mercury happens to be one of the worse 
metals, as far as this aspects concerned 
The organisms which biomagnify heavy 
metals also vary There are a few or¬ 
ganisms which have the power to ab¬ 
sorb the toxin, neutralilse it and con¬ 
vert it in a way such that it is harm¬ 
less to them, but it could be harmful 
to the predators which eat them. How¬ 
ever, most organisms seem to have the 
capability of flushing diluted toxins 
through their systems, although some 
may fall sick or die in the process Or¬ 
ganisms which have the ability to 
neutralise toxins and keep them in their 
tissues, are the ones which form bio¬ 
logical sink in the environment If such 
organisms, which bioaccumulate, hap¬ 
pen to be a part of human food, then 
people are at risk They are also at, risk 
if the toxins contaminate feed stock 
lower down in the food chain The toxin 
moves from the food to the feeder, It 
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can get concentrated at each level in the 
food chain. This is called 
biomagnification and this worsens the 
situation Biomagnification can either 
kill or make food resources unsuitable 
for consumption, or can make these 
people sick who eat even relatively few 
affected food items in the chain 

All this IS of no consequence how¬ 
ever, if there are no people to eat or 
harvest the contaminated food The risk 
is also not great if the local residents 
(as IS the case in big cities or in indus¬ 
trial countnes) do not depend only on 
food which IS locally grown The risk 
is low in these areas, not only because 
few people eat the contaminated food, 
but those who do eat them, eat only 
few such products, their food being “di¬ 
luted" by food from other sources (14) 
Heavy metals differ from toxic or¬ 
ganic conipounds in that they are to¬ 
tally non-degradable, since most ele¬ 
ments cannot be transmuted, except 
under truely extraordinary conditions 
They are therefore, practically speaking, 
indestructible as they accumulate in the 
environment, Through the millennia, 
however, living beings have leaurnt to live 
with heavy metal pollution fn low doses 
and have developed certain defence 


mechanisms One such mechanism is I 
iolerance to a limited degree, as long 
as the heavy metal ions are confined in 
non critical places, e g in the non cnti- 
cal portion of the cell membrane, bark, 
hair etc. A second line of defence is the 
secretion of mucus metallothioneins 
(MT) and its analogues, which are low 
molecular weight protein molecules 
which bind (chelate) heavy metals such 
as Zndl), Cd(II), Hg(ll] and thus signifi¬ 
cantly reduces the release of metals into 
the organism. Another important de¬ 
fence mechanism is the conversion of 
the heavy metals to readily excrelable 
forms Sometimes the chemical entity 
is changed to a volatile form which can 
readily diffuse out of the cell. For ex¬ 
ample, Hg(II) gets converted to (CHg),_j Hg 
by some bacteria — a form which is not 
only much less toxic than Hg (II) or CHj 
Hg + but also has a significantly high 
vapour pressure (15) 

From the point of view of environ¬ 
mental degradation, of all the heavy 
metals, cadmium, lead, mercury and 
arsenic have been the source of major 
concern to living beings The toxicity 
and related topics concerning these four 
elements, will be presented in the next 
two issues 
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ermlnation may be defined as a 
process whereby the metabolic 
activity of a seed increases 
leading to the formation of a 
protrusion from the seed embryo (Mayer 
and Poljakoff - Mayber, 1982], 



. It IS well understood that certain 
environmental conditions are conducive 
for favourable germination of the 
grains These factors comprises of the 
presence of water, air and warm tem¬ 
perature, The first step leads to the 
immersion of seeds in water, as a con¬ 
sequence of which certain soluble nu¬ 
trients like proteins, vitamins and min¬ 
erals leach out into the soak water It 
is imperative that this loss is kept to 
a minimum by reducing the volume of 
soak water and the period of soaking. 
A soaking period of 6-8 hours would 
suffice for most of the grains. 

After soaking, the grams should be 
removed and excess water drained off 
The seeds ought to be lightly rubbed 
with a cloth to remove the adhenng film 
of water. This film of water does not 
allow the grains to breathe properly, 
may make them slimy and furthermore, 
may even promote fungal growth. It is 
best to tie the soaked grains loosely m 
a muslin cloth and keep them in a per¬ 
forated container for adequate aeration. 
The seeds should be sprinkled with 
water every 12 hours or when neces¬ 
sary to prevent the cloth from becom¬ 
ing dry. The bowl should be placed in 
a warm place to facilitate the process 
of germina.tion, A germination penod of 
48 hours would be adequate for most 
grains but thcj length of germination 
period is dependent upon the prevail¬ 
ing environmental conditions. 

Germination does wonders as it 
would be apparent by reviewing the nu¬ 
tritive changes brought about by this 
humble process To start with, let’s take 
the macronutrients The complex car¬ 
bohydrates present in the grains in 'the 
form of starches are broken down to 
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simpler carbohydrates, Ihe monosac- 
chandea (Khetarpal and Chaiihan, 
1990. Parameswaram and Sadasivam, 
1994) These simple sugars can be eas¬ 
ily absorbed Irom our gaslrointe,stinal 
tract Similarly, the complex proteins 
are degr.ided to smaller peptides and 
amiiioacids making the proteins readily 
available to our biological system 
(Savelkoiil ct al , 1991) Moreover, there 
IS a reduction in antinuLritional (actors 
on gcrminalion (Saltar et al , 1990, 
vSavclkoul cl al , 1991) 

An enhancement in the contents ol 
cerlain vitamins Is also notieed Vita¬ 
min C moroasea manilolds (AkmlosoLn 
and Akmyelc, 1991), The vdLamin B 
complex IS synlhcsized during germi- 
nahon U has hirlher been observed 
tli.il the biorivailability of iron and other 
minerals is augmented (Gahlawat and 
Sehgal, 1994). 

The nutritive changes m earbohy- 
clrales and proteins arc aUributed to 
the enzyme elaboration oeoiiring dur¬ 
ing germination (Savclkoul et al 1991). 
When the doimanl seeds are soaked 
in water, these seeds become metaboli- 
cally aclive, Ihercby, activating the 
enzymes as well The seed prepares it- 
scll lor con.scquenl growth that follows, 
the growth of a seed into a plant. In 
the process of preparing a seed for its 
growth it metabolises Lhe complex 
compounds and creates a pool ol nu- 
Irienfs to facilitate ils development. 

It IS. thercrore, proposed that these 
germinated grams be eon.siimcd by man 
for his nuinfional gain Hence, Lhe ger¬ 
mination process would have to be ter- 
minaLecl when it would furnish maxi¬ 
mum benefit The point when seed has 
rendered its nutrients in the available 
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form and where il does not start ex¬ 
cessively utilising them for it,s own 
growth would be the juncture ol Leimi- 
nation ol gcrmiriahon period. The pe- 
nod of germination would be dillcreni 
for different grains. When Lhe spumi 
length is about 1-3 cm. one conkl re¬ 
move Lhe grains from germination and 
prepai'e them for consumption. 

The germinated grains can be had 
raw in salads or in sauled seasoned 
form These could be utilised to sluH 
paranthas, sandwichc's. sanio.sas. 
kachons and many other food ileins. 
Dais can be prepared from germlnaled 
legumes. Loo One can Ihink ol ,niy 
lecipc where whole grains arc employed 
and (hese can be subsliluleri by gei- 
minatcd grains to maximize the milri- 
lional advantage 

Another feature which lies hidden 
Irom us IS the eflieaey ol grains in Ihe 
mailed form Grams which have been 
germmaled and dried arc called mailed 
grains The germinated grains can be 
dried in lhe sun, or in an oven al a 
low temperature. The mailed grains ran 
be powdered and used in RTE (ready 
to eat) infant mixes. The amylase rirh 
powders, as these arc ollen called have 
Lhe inherent properly ol reducing the 
viscosity of the ceieal gruels, thereby, 
increasing the caloric density of lhe 
leed The enzyme amylase, docs the job. 
One could even add a little of this 
amylase rich lood (ARF) Lo any gruel 
and interestingly the viscosKy ol I he 
product drops down which would mean 
more of the basic ingredients .gelling in¬ 
corporated into the, gruel, augmenting 
the caloric values of the product (Dar¬ 
ling et al . 1995, Sumathi et al , 1995) 

With an over-view of all these 
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benelits, it is beyond doubt that we, the minated and malted /grains for oui 
nutritionally aware, would use the ger- maximum good 
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here is an ancient eastern say¬ 
ing '' Better to walk than to 
run, better to sit than to walk: 


better to sleep than to sit, and better to 
die than 'to wake" This is certainly 
applicable to the many who are 
uhdernourished, for the fire ol liicbuins 
low in their bodies and they are apl to 
take things as they are instead ol making 
an all out effort to get over Iheir troubles 
Not every case ol undernourishment and 
ill health is , however, dne to poverty, 
surprisingly enough, some are 
associated with wealth and abundance 
It is the purpose of this article to consider 
one such aspect 

As IS well known, our foods contain 
proteins, carbohydrates, lals, mineral 
salts and water Those that are derived 
from plants also have some fibrous ma¬ 
terial. This "roughage" has hltle nour¬ 
ishment m it, but IS valuable for en¬ 
abling the intestines to push (he (ood 
forward 

Besides the above, foods also con¬ 
tain minute quantities of other sub¬ 
stances Although not concerned di¬ 
rectly m making protoplasm, or in oxi¬ 
dation, the absence of these things gives 
rise to what are known as deficiency 
diseases To this categoiy belong the 
vitamins Although every school boy oi 
girls talks of vitamins these days, no 
one had any clear knowledge of Ihein 
until about sixty years ago. 

ScuiTy, a disease caused by vitamin 
deficiency, was mentioned in the wnt- 


♦ This article has been reproduced from Vol 1, No. 1, March 1962 issue ol School 
Science' In this article late Prof. P Maheshwari. FRS, had piesenled the chronolof>y ol 
events that led to the discovery of vitamins. Today, the role and function ol vitamins is 
a common knowledge but it was not so jusl a hundred years ago. The ideas presenleci 
in this article not only describe the manner m which the vitamins were discovered bul 
it also provides an excellent examples as to how the method of science vr/ carelul 
observations, meticulous recording of the data, experimentations, inference an'cl 
predictions have helped the human beings lo unravel one of Ihe mysteries of naliire. 
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mgs of Hippocrates (430-370 B C ) the J 
father of western medicine, as a scourge 
of armies and exploring seamen. It was ; 
recognised by a weakening of the walls ; 
of the capillaries so that blood escaped ; 
easily through them Large black 
bruises were formed, blood came out of 1 
the nose, the gums became soft and 
swollen and frequently the teeth fell out ; 
Sometimes the feel became swollen so • 
as to produce a dropsical condition and : 
the breath became offensive Barber- 1 
surgeons were employed to cut away the 1 
dead llesh from the gums to enable a J 
sLilferer to masticate his food After ; 
considerably miseiy, many of the vie- ; 
Lims died 

ScLiivy IS repeatedly mentioned in . 
the lecords of the Crusades during the 1 
thirteenth century. It appeared very fre- ; 
quenlly in places where people lived on 
a restricted diet as in encampments of • 
soldiers m besieged towns During the ; 
16th, 17th, and; 18th centuries explor- 1 
ers going on long voyages suffered so •’ 
badly from its ravages that it became 
known as the "calamity of sailors" Two- 
Lhirds of Vasco , da Gama’s crew died 
from iL off the cost of Africa, if had a 
deadly effect on Magellan's men, and it 
had been taken quite seriously by 
Francis Drake The heavy mortalities on 
Columbus’ voyages were also due 
mostly to scuiwy. 

No one knew the cause of the dis¬ 
ease Some blamed sea air, while oth¬ 
ers attributed it to the consumption of 
sailed meat 

In the winter of 1536, Jacques, 
Cartier, the French explorer who discov¬ 
ered the St. Lawrence River, made his 
second voyage to Newfoundland and 
spent a winter in a American Indian Vil¬ 



lage near the present site of Montreal 
Out of a crew of 110,26 died of scuiwy, 
and others would probably have met a 
similar fate if they had not lollowcd the 
advice of the natives and drunk a tea 
made of spruce needles. The results 
were "miraculous" II all the physicians 
of Montpellier and Louvain "had been 
there", said Cartier, "with all the drugs 
of Alexandria they would not have done 
so much good m one year as that tree 
did in SIX days" 

The voyage of James- Cook in the 
18th century are especially noteworthy 
in this connection On the first voyage 
Cook lost so many men by scurvy that 
he swore that "if his own life was spai'ed 
he would devote all his intelligence and 
energy to combating scuiwy" On the 
second voyage after spending several 
months at sea m the region of the Ant¬ 
arctic Circle he landed in New Zealand. 
Here he gathered the buds and needles 
of a pine, brewed them with molasses 
and malt, and made a decoction which 
benefited his men immensely Several 
years before Cook’s first voyage, a Scot¬ 
tish naval physician, James Lind (1716- 
94) made an interesting experiment on 
board the Salisbury He divided twelve 
men suffering from scurvy into six 
groups of two each. Two men were given 
cider each day, two vinegar, two oil of 
vitriol, two half a pint of sea-water, two 
a patent lactuary, and the last two a 
couple of oranges and one lemon. The 
fortunate ones who received oranges 
and lemons were cured in six days, the 
cider drinkers showed a slow improve¬ 
ment, while the other pairs remained 
almost as before 

Lind's own account of his test is as 
follows, "On the 20th May, 1747, I took 
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twelve patients in the scurvy, on board 
the Salisbury at sea Their cases were 
as similar as I could have them Two 
of these were ordered each a quart of 
cyder a-day Two others took twenty- 
five drops of elixir vitriol three times a- 
day Two others took two spoonfuls of 
vinegar three times a-day upon an 
empty stomach,. Two of the worst, 
were , put under a course of sea-wa¬ 
ter, Two others had each two oranges 
and one lemon given them every day 
The two remaining patients, took the 
bigness of nutmeg three times a-day 
of an electurary recommended by an 
hospital surgeon,,, 

"The consequence was, that the 
most sudden and visible good effect 
were perceived from the use of the or¬ 
anges and lemons, one of those who 
had taken them, being at the end of 
SIX days fit for duty. The other was 
the best recovered of any in his condi¬ 
tion; and being now deemed pretty well, 
was appointed nurse to the rest of the 
sick ,," 

At another place, he wrote’ "Some 
persons cannot be brought to believe 
that a disease so fatal and dreadful can 
be prevented or cured by such easy 
means. They would have more faith in 
some elaborate composition digniOed by 
the title of an antiscorbutic golden elixir 
or the like. Facts are sufficient to con¬ 
vince the un-prejudiced. It is no easy 
matter to root out old prejudices or 
overturn opinions which have acquired 
an establishment by time, custom and 
great authorities". 

In 1753 Lind wrote a book in which 
he mentioned the case of a sailor who 
had gone to Greenland in 1834 He was 
so sick with scurvy that his compan¬ 


ions marooned him to die He had 
nearly lost the use ol his limlis and 
could only crawl over the ground. Even 
in this hopeless condition, the cravings | 
of hunger overcame the despairs ol his 
disease and he grazed like a beast upon 
the young shoots ol green grass In a 
short time he recovered and returned 
to his companions 

Since fresh vegetables could not be 
earned long distances in those days ow¬ 
ing to the lack of refrigeration facilities, 
in 1795 the British Admiralty decided 
to adopt lemon juice as the principle 
antiscorbutic After this the incidence 
of scurvy showed a startling decline in 
the Navy, although no one knew the 
exact reason lor this Even so, owing 
to lack ol fresh fruits thousands ol 
Indian soldiers died m Iraq in World 
War 1 

Ancient Chmese records, as old as 
2,700 B C., show that in the East there 
was another disease which paralysed 
and rotted the muscles and Lurned men 
into living skeletons In this there was 
no bleeding as in scuiyy but numbness 
and paralysis This disease began to be 
known as beriberi 

Nearly a third of the Japanese sol¬ 
diers used to be on the sick list because 
of this trouble About 1880 Takaki, Di¬ 
rector of the Tokyo Naval Hospital, de¬ 
cided that it was not due to climaic or 
sanitary conditions and siispeclccl Ihe 
diet He sent two warships on a long 
journey The Ruyqjo had the usual ra¬ 
tions, in which white or "polished" rice 
predominated. The Tarkida earned less 
nee but more barley, meat, vegetalrles 
and condensed milk, On Lhe firsl ship 
about one-third of the sailors sulfeiccl 
from beriberi, and several died ol li On 
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(.he serond only 16 out of 350 became 
sick and in every case it was shown that 
(he sailor had not eaten his full allow¬ 
ance of the new foods but persisted in 
eating white rice 

The Japanese Government immedi¬ 
ately ordered that other foods be pro¬ 
vided in addition to polished nee. Very 
soon the benben outbreaks became less 
frequent For practical purpose this 
solved the problem Yet neither Takaki 
noi anyone else knew the real connec¬ 
tion between the altered diet and the 
reduction in deaths due to beriberi 
Takaki conjectured that it was due to 
protein deficiency. 

Towards the latter part of the nine¬ 
teenth century the Dutch were rapidly 
infiltrating in the East Indies In the 
island of Sumatra they fought against 
the Achinese, inhabitants of the north¬ 
ern part having their capital at 
KoLaradja For a quarter of a century 
the Duch won many battles and yet 
they steadily lost the war They had 
superior weapons but the army was 
torn to shreds by beriberi. Hospitals 
were rapidly built but were swamped in 
no time while disease continued to in¬ 
crease in volume and intensity. This 
appalling condition caused the Dutch 
to write for help to their colleagues in 
the Universities of Leyden, Utrecht and 
Amsterdam The home Government sent 
a Commission consisting of several doc¬ 
tors who worked diligently in Java for 
nine months hunting for some microbe 
which may be responsible for the dis¬ 
ease. Since they failed to find any mi¬ 
crobe they simply left instructions with 
the Javanese doctors to use plenty of 
corrosive sublimate to sterilise the 

I rooms in the hospital. One member of 
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the commission, Christiaan Eijkman 
(1858-1930), a former student of Rob¬ 
ert Koch, was left to investigate the 
matter further 

Eijkman had studied with Koch in 
Berlin He examined secretions, blood, 
and everything else trying to find a bac¬ 
terium but failed He tned the custom¬ 
ary method of injecting sputum and 
blood from the patients into chickens 
but was unable to produce any symp¬ 
toms of beriberi in them 

On one fateful day (June 10, 1889), 
his assistant came to report that the 
chicken feed had been exhausted 
Eijkman asked him to see the head cook 
of the hospital who permitted him to 
use the remnants of the cooked hospi¬ 
tal food. So from the next day the chick¬ 
ens began to get a civilised food con¬ 
sisting of nice, clean, cooked, polished, 
white rice After a month peculiar symp¬ 
toms were noted in the poor birds. Many 
of them became sick, emaciated and 
paralysed and could not even sit up. 
The disease advanced from legs to 
wings, tail to head, and slowly but 
surely ended in death. On November 
20th, a new Superintendent arrived and 
being rather economy-mmded he de¬ 
cided to stop the supply of the expen¬ 
sive white nee which was meant for 
patients and not birds and resumed the 
quota of the usual dirty brown crude 
rice Lo and wonder! The sick birds 
rapidly recovered. 

This was so impressive the Eijkman 
immediately gave up the search for a 
microbe and began to look into the food 
The experiment was repeated several 
times until he became convinced that 
birds eating nothing but polished rice 
always died from this strange paralysis 
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(polyneuntes) while birds eating crude, 
dirty, unpolished nee or picking their 
own food on the dunghill never got it. 

This naturally led him to examine 
the brown skin on the rice He made a 
decoction of it and forced it down the 
throats ol the paralysed chickens 
Within four hours they began to recover 
and were perfectly well next morning 

Now the mystery began to clear up. 
The Dutch soldiers had benben beeause 
they ate the most expensive polished 
rice The Achmese ate the cheap crude, 
unpolished rice and were therefore free 
from the disease. 

Experiments tried on labourers, 
pnsoners and others fully confirmed 
this In 1905 one Dr Fletcher performed 
an interesting test on the inmates of a 
madhouse. The lunatics were lined up 
The even numbers were marched to the 
western ward of the asylum and fed on 
unpolished nee and the odd numbers 
marched to the eastern wai-d and given 
the usual polished nee A year later in 
the western ward there were no new 
cases of beriben and no deaths, in the 
eastern ward there had been several 
deaths and most of the lunatics were 
sick. 

The same experiment was made on 
300 Javanese labourers, who were di¬ 
vided into two camps In Camp A living 
on polished rice there were 20 cases of 
beriben m less than 2 months; Camp 
B living on unpolished rice had none. 
Now the doctors reversed the diets The 
patients of Camp A recovered while 
Camp B reported an outbreak A simi¬ 
lar experiment was tried on some 
10,000 prisoners. There was only one 
case among those who were given un¬ 
polished rice, hut 3900 among those 


who were fed on polished nee 

After this knowledge the benben 
hospital at Buitenzorg had little use. it 
was soon closed for want of inmates 
The explanation first olfered by 
Eijkman for the production ol benberi 
dunng the consumption of polished nee 
was that the disease is due to a slate 
of intoxication brought about by the 
consumption of excessive quantities of 
starch and that in the so-called 'silver- 
skin’ which is removed by polfshing 
there is a substance which counteracts 
the toxic products of the disturbed me¬ 
tabolism This hypothesis was iar- 
fetched and ingenious, but the concep¬ 
tion of disease as the direct result of a 
specific deficiency m food was foreign 
to the thought of the time It was some¬ 
what later, partly owing to the work of 
others and partly owing to more ex¬ 
tended experiments of his own, that 
Eijkman came to the definite conclusion 
that there is present in rice polishings 
a substance differing from the then 
known food constituents, but essential 
to normal nutrition, though required in 
very small amounts 

While Eijkman was busy with beri¬ 
ben, there were, chemists moving to¬ 
wards the vitamin mystery from an en¬ 
tirely different angle. They were not try¬ 
ing to cure diseases but developing the 
science of nutrition There was a great 
craze for secunng a concentrated ration 
which had enough' of all the recognised 
food elements in it to keep soldiers go¬ 
ing for long periods. They clainied to be 
-able to make the purest of pure diets 
(balanced bottles for bouncing babies) 
having exactly the nght weight of car¬ 
bohydrates, the nght weight of protein 
and fat, and correct amounts of the ap- 
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propnate mineral salts 

The chemists thought that at least 
they had perfected the whole business 
of food and feed As a first step this 
synthetic stuff was tried on rats They 
were surprised to find that it did not 
work Children fed on such diet devel¬ 
oped "Barlow's disease" which is a kind 
of infantile scuiwy. 

Since milk is the most of all foods, 
in 1884 Lunin, pupil of the famous Pro¬ 
fessor G. Bunge of the University of 
Basel, fed mice upon an artificial mix¬ 
ture of all the constituents of milk 
which were then known, namely pro¬ 
tein, fats, carbohydrates and salts He 
found that upon such a mixture the 
animals failed to survive and was forced 
to conclude that "a natural food such 
as milk must therefore contain besides 
these known pnncipal ingredients small 
quantities of unknown substances es¬ 
sential to life". 

Pekelharing (1848-1922) of Holland 
also came to a similar conclusion in 
1905 and decided that there must be 
an unknown substance in milk which 
even in very small quantities is of para¬ 
mount importance to nutrition In the 
absence of this substance the organism 
loses (he power to assimilate the prin¬ 
cipal parts of food, the appetite is lost 
and in spite of apparent abundance the 
animals die of want. 

The famous biochemist F.G. 
Hopkins, of Cambridge, kept two sets 
of similar rats in different cages. The 
rats in cage I were fed enough prepared 
food in the form of protein, fat, sugar, 
and salts io be considered a balanced 
diet. Those in cage II were fed exactly 
the same diet, plus a certain amount 
of fresh milk The rats in cage I lost 


weight and became ill those in cage II 
increased in weight and remained 
healthy In 1907 he further demon¬ 
strated that when small quantities of 
only some butterfat were added to the 
food it had a remarkably beneficial ef¬ 
fect on the rats. Just as Eijkman had 
concluded that there was something in 
the unpolished rice, that prevented berl- 
ben, so Hbpkins was led to think that 
there was an "accessory food factor" in 
butter fat which had a definite effect on 
the health of his rats Hopkins and 
Eijkman shared the Nobel Prize for 
medicine and physiology m 1929 

Meanwhile, E V McCollum at the 
University of Wisconsin was also carry- ] 
ing on feeding experiments on rats. He 
have them measured and what he be¬ 
lieved to be correct amounts of pure 
carbohydrates, proteins, fats, minerals 
and water However, the rats developed 
an eye-disease, became sick and died 
The experiment was repeated, but this 
time as soon as the animals became 
sick some were given a small amount 
of raw milk (3 ml per day] in addition 
to their regular diet These rats regained 
their health and became normal. It now 
became clear that raw milk contained 
some substance which was essential 
for the health of the rats. At first 
McCollum conjectured that milk sup¬ 
plied flavour to the diet which was oth¬ 
erwise tasteless and flat and disliked 
by the animals but later the beneficial 
effects were traced to the butterfat in¬ 
side the milk. 

Such observations greatly stimu¬ 
lated further research on these prob¬ 
lems and in 1911 a Polish scientist, 
Casimlr Funk separated from 400 Kg. 
of nce-polishings just a few grams of 
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impure but tremendously potent crys¬ 
tals Only a minute quantity of this 
substance could cure a paralysed 
chicken m three hours He called it 
"vitalamine"— ^vital because it is essen¬ 
tial to life, and amine because he con¬ 
sidered it to be akin to amino-acids 
This name was shortened to vitamine 
and then to vitamin 

Earlier in 1980, an English doctor, 
T A Palm, made some observations on 
rickets and pointed out that it was 
commonest in places where there was 
least sunlight and rai'est wherever sun¬ 
shine was abundant. He examined the 
remains of Egyptian mummies and 
found no evidence of rickets in their 
skeletons—thanks, he suggested, to the 
African sunlight In the sunlit east 
purdah women suffered from 
osteomalacia, a gross form of adult 
rickets m which the skeleton becomes 
porous and collapses. 

Leonard Findlay, working at the 
University of Glasgow, found in 1908 
how to produce rickets artificially in 
puppies He gave them nothing except 
a little milk and oatmeal porridge and 
kept them in laboratory cages The ani¬ 
mals failed to grow their legs, became 
deformed and weak, their chests com¬ 
pressed, ribs knobbed and spines 
curved The poor pups became quiet 
and lethargic Another group, fed simi¬ 
larly but allowed to run about in the 
open, did not contract rickets and at 
first Findlay thought that muscular 
exercise must be the cause of the dif¬ 
ference. 

In 1917, Mellanby of the Medical 
Research Council of Great Britain tried 
to supplement the milk and porridge 
diet giving one thing alter another but 


without any effect. Finally he landed 
upon cod-liver oil and the result was 
spectacular. The warped bones of the 
pups became straight and strong and 
their broken spirits were mended. They 
soon became frisky and active 

Another scientist at the John 
Hopkins University, named McCollum 
soon isolated from cod-liver oil the ac¬ 
tive substance which he called vita¬ 
min D 

At the same time German scientists 
found that rickets could be cured merely 
by' sunbaths. Those who could afford 
these went with their children to spend 
the vacation in Italy, Spain or North Af¬ 
rica, but this was hardly possible for 
the poor So they were exposed to ul¬ 
traviolet lamps Within two months 
there was remarkable effect. The babies 
were no longer weak, whimpering and 
apathetic creatures but became full to 
spirits and mischief 

The advantage of light clothing, 
shorts, open-neck shirts and bare legs 
is therefore obvious, for this causes the 
ergosterol in the body to become con¬ 
verted into calciferol. The old village 
custom of anointing babies with mus¬ 
tard oil and letting them play m the 
open IS thus of great advantage in help¬ 
ing them to maintain their health 

The experiments of Eijkman, 
Hopkins, Funk, McCollum, and others 
had by now definitely established the 
presence m food of minute amounts of 
important substances There followed a 
vast amount of experimentation which 
still continues. We now know ol more 
than a dozen vitamins necessaiy lo our 
health and general well-being. Some ol 
these arc available in the lorm ol pills 
which we can use to supplement our 
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diet However, there may yet be many 
undiscovered vitamins necessary to us 
For this reason, as well as for the sake 
of economy, it is better to depend on 
natural foods rather than on drug stores 
for one’s vitamins 

There is an interesting old story in 
this connection about the London and 
Dublin zoos It is said that the London 
zoo had enough money so that the 
keepers brought for their lions the kind 
of meat which human beings use i e. 
steaks and chops, yet the lions were 
weak and sickly The Dublin zoo was 
short of money; so the keepers bought 
worn-out and old horses and used the 
entire carcass from nose to hooves, in¬ 
sides and all The lions were healthy 
and full of pep, prancing and roaring 
The Londoners were puzzled at this dif¬ 
ference, Travellers, who had been to Af¬ 
rica, knew that the diet of lions con¬ 
sisted of zebras. Now the lions did not 
eat just chops and steaks, they ate the 
whole zebra, the diet thus matching 
with that provided by the Dublin zoo 
Among human beings the poorer folk 
who eat potatoes, skin and all, are 
healthier than the richer folk who eat 
them after the skin is peeled off. This 
is because the most valuable part of the 
potato, both from the point of view of 
starches and vitamins, is immediately 
under the skin, In peelings with the 
knife this part is thrown away and lost. 
Those who eat wheat should keep in 
mind that whole wheat (daliya) is bet¬ 
ter than flour and that the coarse brown 
flour is better than the fine white flour. 
In the making of the latter the bran 
which IS rich in vitamins, phosphorus, 
iron and protein is discarded. If a pi¬ 
geon is fed on white bread alone, its 


wings droop and it soon becomes too 
weak even to stand up. If its diet is not 
changed, it will die If, however, even 
after it is unable to stand, a little water 
m which the bran of the grain has beep 
soaked is poured down its throat, it 
soon revives and becomes normal. 
When we reject the bran, we lose this 
essential substance 

Our present knowledge of vitamins 
teaches us that the care and cooking 
of food IS an important as the choice of 
food if you want to have your full sup¬ 
ply of vitamins. In general, exposure to 
oxygen destroys vitamins, and the 
higher the temperature the more rapid 
IS the destruction Vegetables should 
if possible, not be peeled or cut up be¬ 
fore cooking; the smaller the pieces the 
more the surface exposed to oxygen 
Further, it is desirable to do the cook¬ 
ing in closed vessels because in this way 
air IS excluded. And since water con¬ 
tains air until boiling drives it out, it is 
best to stall the vegetables in boiling 
water. 

Extreme heat, especially in the pres¬ 
ence of oxygen, destroys some vitamins, 
particularly vitamin C and vitamin A 
For this reason cooking should not be 
continued longer than necessary. You 
can thus save your health as well as 
your fuel. 

Most vitamins, with the exception 
of vitamins A and D, are soluble in 
water. We should, therefore, used only 
small amounts of water in the cook¬ 
ing pot and whatever water is left 
should be kept and used, since vita¬ 
mins (and minerals) are dissolved in 
it. 

During recent years nutritionists 
have been mterested in the possibility 
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of fortifying or enriching certain foods 
that are most widely used. Nearly all 
oleomargarine in the U.S.A, is now en¬ 
riched with vitamin A to make its nu¬ 
tritive value nearly equivalent to that of 
butter Much of the flour and bread in 
the U.S.A. and Europe is enriched with 
niacin, riboflavin and iron For the 
poorer people of the orient the best 
policy IS to use brown rice, whole wheat 
(or coarse flour), unpeeled potatoes and 
as much of fresh fruit and vegetable 
as possible And the cheaper fruits and 
vegetables like ber, Jaman, methi, palak, 
hathiuL, etc., are often as good as or 
better than the costlier ones Also, as 


explained before, except m the winter 
it is best to put on as few clothes as 
possible Neckties, socks, long-sleeve 
shirts and jackets may be signs of civi¬ 
lization, but in a climate like ours they 
do positive harm to health 

At present about 18 vitamins have 
been distinguished and their number is 
continually increasing Not only their 
physiological effects but chemical com¬ 
positions and constitutions have also 
been ascertained As to their chemical 
action, vitamins are either coenzymes, 
in the absence of which enzymes can¬ 
not act, or they are constituents of co¬ 
enzymes 
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he study of physics forms the 
^ fundamental basis for under- 

_ standing basic laws of nature 

governing various events and physical 
phenomena occurring in all domains of 


life. Understanding of physics, therelore, 
leads to applications in diverse fields of 
scientific world, encompassing the en¬ 
tire gamut of advancements in science, 
technology and society, A complete un¬ 
derstanding of physical phenomena, 
however, requires deeper knowledge of 
basic principles, logical understanding 
■of conceptual framework involved and 
the generalisations for wider and uni¬ 
versal applicability through methods of 
mathematical description, theoretical 
foundations, experimentation, logical 
thinking and analysis It is olten ob¬ 
served that mathematical relationships 
which appear on various themes in dif¬ 
ferent areas of physics and even in other 
sciences, covering variety of physical 
phenomena (mechanical translational, 
mechanical rotational, acoustic, optical, 
thermal, electrical and magnetic system) 
are almost exactly the same Therefore, 
many phenoiriena have some common 
features, similanties or analogues m di¬ 
verse systems For example, the propa¬ 
gation of sound waves is, in many ways, 
analogous to the propagation of light 
waves. Similarly, an electric current 
flowing across a conductor under the 
action of a potential difference between 
its two ends is somewhat analogous to 
volume rate of flow of water through a 
tube due to a pressure difference be¬ 
tween its two ends Also, the flow of 
heat through ^ conductor (as the elec¬ 
trons are primarily responsible for the 
conduction of heal m conducting ma¬ 
terial) under a temperature diflerence 
between its ends is in many ways, 
analogous to water flowing through a 
pipe or to the charge flowing through a 
wire. Although we admit that water 
flowing in pipes is not in every way 
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analogous to electric charge Ilowmg in 
conductors, it turns out that remark¬ 
able and memorable similarities crop 
up both conceptually and mathemati¬ 
cally from system to system The mag¬ 
netic system is also very important be¬ 
cause it interacts with the electrical 
system and serves as a link between 
electrical and mechanical system 
Therefore, the study of phenomena m 
one field may possibly permit an exten¬ 
sion to our knowledge m many diverse 
phenomena m other Helds 

Any conscientious physics teacher 
IS expected to attempt to point out simi¬ 
larities between one topic in an area 
with that in other areas The systems 
which have conceptual similarity or 
even identity are normally discussed 
separately in sequence as per the preva¬ 
lent practice in the school system. To 
develop a proper understanding about 
different systems which have some com¬ 
mon features and it could be easier to 
learn' about one system m detail and 
then to draw an analogy with it to un¬ 
derstand how another system works on 
a similar theme. 

An analogical approach can make 
it easier to understand more compli¬ 
cated systems, which are mixtures of 
two or more systems. The analogical ap¬ 
proach to learning school physics is 
expected to benefit the learner in an 
number of ways such as promoting 
sequential development (|)f concept-ori¬ 
ented knowledge, avoiding role 
memorisation of mathematical formu¬ 
lae, perception of new ideas and their 
correlationships with similar themes, 
critical thinking, searching for logic, 
understanding cause and effect rela¬ 
tionship, ability to think independently. 


capability to analyse unfamiliar'situa¬ 
tions and rational understanding of the 
topic. Such an approach is expected 
among learners m inculcating self-con¬ 
fidence, reasoning power, rational out¬ 
look, positive attitude to enhance per¬ 
severance for better learning, analyti¬ 
cal mind and appreciation of truthful¬ 
ness which help in appropriate deci¬ 
sion-making in real-life situations as 
a scientifically literate citizen. Thus, 
through the analogical approach, it is 
possible to accomplish a satisfactory 
theoretical understanding of certain 
newly encountered obscure phenom¬ 
ena However, it may be realised that 
such extensions and parallelisms are 
possible, although exact correspon¬ 
dence may not be made 

Historical Background 

The method of devising analogy between 
various classes of physical phenomena 
has played a key role in the overall 
development of physics from the begin¬ 
ning For example, Torricelli and Pas¬ 
cal (1643) described atmospheric pres¬ 
sure at the earth’s surface analogous 
to hydrostatic pressure exerted by ocean 
at its bottom; Coulomb (1785) proved 
the validity of inverse square law of dis¬ 
tance for magnetic and electrostatic 
forces based on the analogy with 
Newton’s inverse square law of gravita¬ 
tion on ‘action at a distance’ The law 
was subsequently extended to light il¬ 
lumination, sound, radiant and thermal 
energy successfully Poisson (1824) 
pointed out that Laplace’s description 
(1782) of gravitational attraction with 
potential functions could be well utilized 
in describing electric and magnetic in¬ 
teractions Electric potential difference 
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which indicates the direction in which 
a free positive charge tends to move, is 
analogous to the temperature difference 
in heat flow in a direction from a body 
at higher temperature to that at a lower 
one, to the flow of liquid from a higher 
to a lower level in hydrodynamics; to 
the pressure difference which deter¬ 
mines the flow of air or any other duid 
from a higher to a lower pressure. 
Carnot's formulation (1824) for effi¬ 
ciency of a heat engine was analogous 
to constant quantity of water flowing 
over the top of a water fall and falling 
to the bottom, Ohm's law (1826) for 
current flow was based on Fourier’s 
analystic theory (1822) of heat conduc¬ 
tion. Thomson (known later as Lord 
Kelvin] (1856), while formulating his law 
of thermoeleclncity, compared the ther¬ 
mocouple with Carnot's reversible heat 
engine that absorbs heat from the 
source (hot junction), does work in 
transferring charge m the thermocouple 
and rejects the remaining heat at the 
sink (cold junction). Thomson coeffi¬ 
cient’ which is the electromotive force 
(e m f) due to unit difference of tem¬ 
perature m a conductor, is sometimes 
referredi, to as ‘specific heat of electric¬ 
ity’, Analogous to specific heat in met¬ 
als, Thomson imagined the process of 
heat transfer, when current flows in a 
conductor whose ends are maintained 
at different temperatures, is analogous 
to that of a liquid absorbing heat when 
it flows in a tube heated at one end 

How to Devise Analogy 

The mathematical equation for a har¬ 
monic oscillator in various systems 
appears again and again in many physi¬ 
cal phenomena Some of these include 
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oscillation of mass on a spring, pendu¬ 
lum with a small swing, oscillations of 
charge carriers in an electrical circuit; 
vibrations of a tuning fork, the vibra¬ 
tions of electrons in an atom and 
mechanism for operation of servo-Sys- 
tem (such as thermostat that adjusts 
the temperature, complicated interac¬ 
tions in chemical reactions etc.) 

Perhaps the simplest mechanical 
system whose to-and-fro motion about 
the mean (equilibrium) position follows 
a linear differential equation with con¬ 
stant coefficient, is a mass (the block) 
connected through an elastic spring to 
a rigid support (the wall) and placed 
horizontally on a frictionless surface. 
This mechanical harmonic oscillator (i e 
oscillating mass-spring system) with a 
spring of spring constant or stiffness 
constant K can be set in motion by 
stretching the mass m (by pulling the 
mass through a displacement x and let 
it go. Such a mechanical harmonic os¬ 
cillator IS analogous to an oscillating LC 
(resistance less inductor-capacitor se¬ 
ries system) circuit The solution and 
interpretations of solution in both these 
cases leads to many a characteristic fea¬ 
tures concerning the two phenomena. 
The analogy between them can therefore, 
be established easily. For example, the 
expression for potential energy 

(= V 2 (as the elastic energy in a 
spnng) of a compressed or an extended 
spnng IS like the charged Capacitor (mi- 
tially charged with a charge similar to 
that for stored electrostatic energy E, (=Vt! 
(q^/C) of a charged capacitor of capaci¬ 
tance C initially charged with a charge 
in an electric field. Similarly the rnov- 
ing mass m (as a measure of inertia in 
linear motion) with velocity v(=dx/dt). 
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having kinetic energy (=V^ mv^) has 
an electrical analogue, In an LC circuit 
in the form of inductor (with inductance 
L) through which a changing current 
i(=dq/dt) flows (due to the discharging 
of the capacitor) and oscillates back, re¬ 
sulting in the magnetic energy 
(=V 2 Li^) due to the magnetic field 
around the inductor. 

It is interesting to note that in each 
case, there is a continuous transforma¬ 
tion of energy C (from kinetic to poten¬ 
tial energy and vice versa) which keeps 
f ie mass oscillating in the mass-spnng 
system. It is analogous to the transfor¬ 
mation of energy (from the magnetic to 
electric energy and vice versa) which 
keeps current oscillating in an LC sys¬ 
tem. Twice during each cycle, E, and Ej^ 
attain their maximum value In LC sys¬ 
tem while the same is true for and 
Ug in mass-spring system However, at 
any given instant of time, in the oscil¬ 
lating mass-spnng system (with no fne- 
hnn], the total mechanical energy U (1 e. 
tile sum of kinetic energy and the 
potential energy Ug) remains constant 
(i.e du/dt=0) with time, even though v 
and X vary This holds good only if the 
mass spring system is frictionless so 
that no energy is dissipated due to fric- 
^’■fTial resistance, Similarly, no energy 
i’ dissipated in a resistance less LC 
rouit and the total electromagnetic 
■i.yv E (i.e. the sum of magnetic en- 
•/ of the inductor and electrostatic 
= cutial energy Ec stored by the ca- 
''ilori remains constant with time, 
.veil though i and q vary with time The 
onserva tion of energy considerations 
■ad to analogous expressions tor the 
iwo systems. We can arrive at analo- 
ous expression for the natural angu¬ 


lar frequency of oscillations of an oscil¬ 
lating mass-spring system and an Lc 
circuit by the conseiwation of energy 
considerations . 

Equation for mechanical simple har¬ 
monic oscillations (frictionless] of a 
mass on a spring, with natuiai angular 
frequency of oscillations and the pe- 
nod T IS 


d^x 

dH 

T = 


a)„^x = 0: with or. 


'K 
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= 27t 


in 
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A closer look at the expressions reveals 
a close correspondence between the os- 
cillalions of resistance less LC circuit 
and the Inctionless mass-spring sys¬ 
tems. It may be noted how x,v,k, and 
m in mass-spring system correspond so 
closely to q,i, 1/C and L respectively in 
the LC circuit It is also interesting to 
note how m each case the energy alter¬ 
nates between two forms; between mag¬ 
netic and electric energy in an LC sys¬ 
tem, and between kinetic and potential 
in a mass-spring system. Moreover, the 
total electromagnetic energy and the 
total mechanical energy remains con- 
seiA'ed in both the systems Figures (a) 
and (b) respectively show set up of 
mass-energy system and mechanical 
and electrical oscillate LC circuit. Fig (C) 
•shows the kinetic energy U|j, potential 
energy' Us and their sum U as functions 
o( the displacement x in the mass¬ 
spring .system Fig id) shows the stored 
magnetic energy E, and electric energy 
Ec and their sum E in a LC circuit as 
fiincUons of the Lime with the period T. 
of the oscillations 

It has been observed in the case of 
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mass-spring system that greater the 
mass on the spring, slower are the os¬ 
cillations and suffer is the spring, 
faster are the oscillations Similar 
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situation is observed in case ol torsional 
oscillations of a body Suppose a body 
with a moment of inertia I is suspended 
by a wire of torsional constant K If the 
wire is twisted through an angle <() such 
that the body begins to execute tor¬ 
sional oscillations' about the vertical 
axis. Then the angular frequency co^ is 


-if 


and period T = 27t J— 


having torsional constant K and mo¬ 
ment of inertia I about the fixed axis. 
The angular harmonic motion of the 
balance wheel of a watch is isochronous 
(its time period is quite independent of 
its amplitude for small swings) and the 
watch keeps time even though the 
amplitude of oscillation decreases as 


the main spring unwinds In case ol LC 
oscillations on the other hand, grcaler 
the value of L or C , the slower are the 
oscillations and viCe-versa 

It may be recalled that the inertia 
of a body or a system is a properly 
which is a measure ol the opposition 
offered by il against any change in ils 
slate of motion. Mass ‘as a measure ol 
inertia' in linear motion determines how 
much force it needs to achieve a cer¬ 
tain amount of acceleration The work 
done by the net applied force gets 
transformed as the kinetic energy ol the 
moving obiects An ob|ecl with a large 
mass needs to have more work done 
on it to attain a certain velocity and 
hence is harder to start or stop Simi¬ 
larly. in ease of rotaloiy motion (he 
greater the net torque required to pro¬ 
duce a given angular acceleration Ihe 
greater is its movemenl of inertia or ro¬ 
tational inertia aboul the axis ol rola- 
tion. The rotational inertia (as a mea¬ 
sure of inertia against turning) of a 
rotatory body and the inductance of an 
inductor (as a measure of its inertia or 
opposition against the change in cur¬ 
rent) in the electric .system are respec¬ 
tively the rotational and electrical 
analogous to mass of a body in linear 
motion 

Magnetic systems too bear some re¬ 
semblance to electric system A current 
carrying solenoid provides a practical 
way to establish a uniform magnetic 
field, just as a parallel-plate capacilor 
establishes a uniform electronic field 
In doorbells and loud speakers , a .sole¬ 
noid often provides the magnetic' field 
(i.e, the force) that moves (i e) acceler¬ 
ates a magnetic material over the cross 
section. 
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Consider a solenoid of length 1 and 
cross-sectional area A having N turn 
with its core containing a medium of 
permeability U The magnetic flux (j) 
linked with each turn ol the solenoid 
cariyrng current i, produces a magnetic 
field ol magnitude B perpendicular to 
the plane of the coll The magnetic flux 
(j) = B A = p NA i/e = 

Ni _ Magnetomolive force 

n Reluctance 

[taJ 

An analogous expression for the cur¬ 
rent 1 in terms of electromotive force 
(eral] e and resistance R of the electnc 
circuit is 

Electric current i = 

II may be noted that the reluctance 
Rm of the magnetic system given as 

(■i) (^) has the same form as the 

resistance R of { -^ ] with electrical 

resistivity of the electric system. The 
magnetic flux ([i and magnetomotive 
force (mmflF^^ in magnetic system are 
analogous to electric current and emf 
in electric system. It may be borne in 
mind that the nomenclature electromo¬ 
tive force or emf for an electric system 
is somewhat misleading This is be¬ 
cause I he emf is not a force but is the 
workdone by the system per unit 
charge. Similarly, mmf of magnetic sys¬ 
tem is not a force but is a product of 
total number of turns and current, also, 
the reluctance of the magnetic system 
IS not a resistance m the sense that 
resistors always dissipate some energy 



from the electric system No energy or 
power IS being lost in the magnetic sys¬ 
tem while there are power losses in the 
electric system It is interesting to note 
that the magnetic system acts as a 
storage device for the energy of the 
magnetic field The energy of the mag¬ 
netic field about a coil (inductor) stored 
in the inductor when the change is in 
motion can be designated as stored 
kinetic energy of the system. 

Ohm’s Law from the Analogy of the 
Hydrodynamical Considerations 

An impelling cause or external ellort 
(force) is required to bring about any 
change in a system There is a tendency 
inherent in the system to oppose such 
a change. Consequently, some sort of 
resistance or drag is always associated 
with the specific type of phenomenon 
in the system which tries to restrain 
that change. Mass in linear motion, 
moment of inertia in rotational motion 
for a mechanical system are two such 
examples, Similarly electrical induc¬ 
tance in electrical system and perme¬ 
ability in magnetic system have the'ef¬ 
fect of slowing down or restraining 
changes in respective systems There¬ 
fore, these physical quantities represent 
the inertial resistance to the respective 
impelling causes namely force, torque, 
electromotive force (emi) and magneto¬ 
motive force (mmf) which produce re¬ 
spective changes such as linear veloc¬ 
ity, angular velocity, current and llux 
irr these systems 

Thus, we may write the general ba¬ 
sic principle as 

Change = Impelling cause (or force)/ 
Resistance (or drag) ... (1) 
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The general basic principle of eq, (1) can 
be iiLillsed lor describing various types 
of physical phenomena Various 
changes such as laminar How of liquid 
Lhrough a Lube (in a lluid system) flow 
of current through a conductor (in elec¬ 
tric system) or How ol heal energy 
through a metal bar (in thermal sys¬ 
tem) take place under the respective 
impelling causes namely the pressure 
difference, potential dilference (or emO 
and temperature difference between 
extreme ends ol the flow media. Our 
everyday experience tells us that the 
How ol liquid through a Lube increases 
when the cross sectional area of the 
bore of the tube is increased or its 
length IS decreased Then, using eq. (1) 
we may obtain general principle for the 
flow rate as 


Flow iiilc = 


Impelling cause of flow x 
Arui ol Cros.s-Scclion 
Rcsislivi' fcidor lo flow x 
Icnglh of How medium 


The general principle for How rate 
(eq 2) may now be utilised to describe 
How processes in electric and thermal 
systems and to obtain Ohm’s law.. 

For electric system , 

Current (i) or charge How rate(-^) 

I’olcnluil diffcicncc (V|-VJ x 

_ Aica ol concluclor (A) _ 

EUchu'cil icsi.sUvIly ( ) x 
Lcnglh ol I'oiiduc'lor (I) . (3) 

For thermal system ■ 

Heal How rate (4^) 

Mt ’ 

TempilalLiu- dirfcicncc (T'-'P) x 

_ Aica ol tonduc'ing _ 

~ Thcimal ixMstivily (1/K) x 

li ngih of Uai (I) (4) 

It may be noted that Lherinal con¬ 
ductivity k describes how well a mate- 


nal conducts heat. The reciprocaj of the 
resistance (i.e 1/Resistance) denotes a 
factor that promotes the conduction or 
flow This promotive factor in thermal 
system is referred to as thermal con¬ 
ductivity, k, of the material of the bar 
and as electrical conductivity c (as a , 
reciprocal of electrical resistivity p) in 
electnc system The thermal resistance 
in electrical circuits has a mechanical 
and fluid analogous in viscous fluid fric¬ 
tion (viscosity coefficient) and a ther¬ 
mal counterpart (less familiar ‘theii-,.jial 
resistance’) descnbing heat flow m con¬ 
ducting materials in analogy with more 
commonly treated electrical resistance 
in electnc systems 

The resistance of a material is 
known to depend on the nature of a 
substance as well as its shape and size. 
The resistance R increases with increas¬ 
ing length 1 and decreasing cross-sec¬ 
tional area (A) of the conductor so that 
R = pl/A with p as the electrical resis-- 
tivity of the material. 

Then, eq (3) can be rewritten as 

Eq (5) represents well-known ohm’s 
law which has been obtained from the 
analogy of the general principle (eq 2) 
for flow rate 

The phenomenological similarities 
between diverse mechanical (transla¬ 
tion, rotational), thermal, electric and 
magnetic systems, possessing some 
common features, are given in the Table 
on page 36. 

Such an equivalence can be utilised 
m designing electrical circuits or mag¬ 
netic systems having desired output It 
must, however be borne in mind that 
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these analogies are not perfect In spite 
of such phenomenologK al correspon¬ 
dences certain inherent dissimilarities 
do exist For example, in linear motion, 
the mass as a measure il inertia de¬ 
pends on the cpiantity of matter alone, 
while in rotatory motion the moment 
ol inertia (as a measure ol inertia 
against turning) depends on the quan- 
ULy ol matter (mass) as well as shape 


and size i e distribution ol mass about 
the axis of rotation In elasticity, the 
inerlia depends on the shape or form 
and the nature or constitution of the 
specific object, while m electrical or 
magnetic system, the nature as well as 
electrical and magnetic conditions of 
the conductor or magnetic material is 
important Similarly, no known mag¬ 
netic phenomenon physically corre- 
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spends exactly Lo the conduction of 1 
current. In electric circuit (which may - 
be open or closed] the how of elec- ; 
Irons constitutes electric current,' while ; 
in magnetic system (which is always 
closed), there is no actual flow of sepa- ! 
rate monopolcs (convincing evidence for 1 
their existence has not yet been con- • 
lirmed] and hence a quantity like mag¬ 
netic current is meaningless The re- ; 
sistance in an electric circuit depends . 
on the nature and dimensions of the 1 
conductor and is independent of elec¬ 
tric current passing through it whereas j 
the magnetic reluctance in the magnetic ; 
system depends on the flux A difler- 
ence ol electric potential drives an elec- ‘ 
tiic charge Irom higher to a lower po¬ 
tential, but no actual motion of any 
such material object like a north pole 
is possible due Lo a dilference in a 
quantity like the magnetic potential. In 
general, (he magnetic force is not con- 
sei-vativc and, therefore, cannot gener¬ 
ally be represented by a potential en¬ 
ergy, However, it is possible Lo define 
polcnlial energy lor the system consist¬ 
ing ol a dipole m a field In general, it 
IS usually not possible to define a sca¬ 
lar magnetic potential energy' of a point 
charge or magnetic potential’ ol the held 
itself in a similar way asTn Ihe case of 
electric hclds The potential energy of 
a magnetic dipole in a magnetic held, 
similar lo (he corresponding quantities 
lor an clcclric dipole. Lends Lo be a 
minimum when the dipole irromcnt is 
aligned lo the external held. In electri¬ 
cal and thermal systems, both flow of 
clcclric charge and heat energy is ear¬ 
ned by Iree electrons, common lo all 
('onduclors in the system The cleclri- . 
cal or thermal proportionality constant 


or a frictional resistance factor (resis¬ 
tivity, 1/conductivity) describes the 
behaviour of the conductor A good elec¬ 
trical conductor such as silver is also 
a good heat conductor and the electri¬ 
cal conductivity is directly related to the 
thermal conductivity K of the conduc¬ 
tor, In fluid system, the Inctional re¬ 
sistance factor responsible for opposi¬ 
tion to fluid flow in a pipe not only 
depends on the length of the pipe and 
its cross-sectional area but also on the 
roughness of ils inner surface, viscos¬ 
ity ol the fluid itsell and how fast the 
fluid moves inside the pipe. 

Conclusions 

An orderly and systematic procedure for 
devising analogies, through continual 
practice and training help the learner 
to attain ability and gain confidence in 
shaping the power of imagination and 
analysis Through the analogical ap¬ 
proach the learner may gam insight 
into the theoretical and practical un¬ 
derstanding inherent in the conceptual 
groundwork and physical behaviour of 
phenomena The learner may then ap¬ 
ply adequate knowledge of known ba¬ 
sic principles lo a variety ol those more 
advanced and complicated theoretical 
and practical problems m physics 
whose solution is not immediately or 
intuitively apparent Eventually this 
may help in framing new scientific hy¬ 
pothesis It was the result of such 
imaginative parallelism that Louis de 
Broglie (1924) could put forward his hy¬ 
pothesis on matter waves based on the 
analogy of the wave-particle dualism 
of light Also H, Yukawa (1935) could 
propose for the meson held analogous 
lo pholo held (electromagnetic held) 
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Bui at the same lime, they were fully ‘ 
conscious of Lhe features of unlikeliness 
also Niels Bohr (1913), however, ac¬ 
cepted Rutherford's analogical plan¬ 
etary model of the atom (1911) with the 
solar system but also realised the ba¬ 
sic difference of mechanism and con¬ 
ceptual framework of the atom from 
that of the solar system 
There is a need to realise first the 
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basic limitations of the parallelism and 
analogical correspondence before these 
may be utilised lor underslanding cer- 
lain obscure phenomena encountered 
in framing a new hypothesis We must 
certainly devise convenient and convinc¬ 
ing analogies in physics but the basic 
sense of understanding behind the la- 
miliar notions of physical phenomena 
should not be over-looked, 
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Construction 


To Construct an Equilateral 
Tliangle Equal in Area of a 
Given Triangle 

Manohar Lal Vei^ma 
Lcclurei 

YD Inler College 
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Triangle PBC is given An equi¬ 
lateral triangle is to be con- 
slmcted equal to A PBC in area 


A line PR is drawn parallel to line BC 
from the point P After this a line BZ is 
drawn at the point B making the angle 
of 60° which meets the parallel line PR 
at the point A Then points A and C 
are connected and triangle ABC is con¬ 
structed whose one angle ABC is 60° 
and its area is equal to the area of 
APBC 

Suppose side AB of A ABC is C and 
side BC IS equal to A Now the base BC 
IS extended to Q After this, CD = AB is 
formed equal to C Then knowing the 
mid point M of BD a semi circle is con- 
strucled on BD Alter this a line EC 
making the angle of 90° is drawn at C 
point which meets at the point E on the 
semi circle 

Thus the line EC of equilateral tri¬ 
angle IS traced whose length will be 

Vac. 

Now making BL = EC = LT a equi¬ 
lateral A IS constructed. 

Proof 

Suppose the height of A ABC is h and 
the side of equilateral triangle is 2x 

So the area of equilateral A LBT 



And the area of A ABC 

_ Base X height 
2 

a X h 



2 
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R eading in (.he cumculuiri area of 
science is vital. It is a way of 

_ identifying problems within the 

context of reading. Reading can also be 
an approach used to develop ^ hypoth¬ 
esis as well as test hypotheses. Reading 
is a skill that can complement a hand on 


approach in leai'ning relevant facts, con- | 
cepts, and generalizations pertaining to 
different units of study 

There are definite methods that sci¬ 
ence teachers should use to guide stu¬ 
dent reading in ongoing lessons of study 

Guiding Science Reading 

‘ I have supervised student teachers in 

' public schools for thirty years and have 
observed what appears to assist learners 
to achieve well when engaging in read¬ 
ing activities in science. These student 
teachers guide learners to be able to 
identify unknown words prior to their 
actual reading of subject matter in sci¬ 
ence Possible new words to be encoun¬ 
tered by students in reading science con¬ 
tent were pnnted in neat manuscript let¬ 
ters on the chalk board A few student 
teachers would print the possible un¬ 
known words within a sentence frame¬ 
work. In either case, the student teacher 
would observe pupils to see that they 
looked at each word being introduced 
carefully Sometimes, the student 
teacher showed a picture or object di¬ 
rectly related to, the new word pnnted on 
the chalk board Meaningful learning is 
very important Thus, pupils should 
understand what is read and taught. 
This was in further evidence when the 
student teacher had pupils use the new 
words in sentences If necessary, the stu¬ 
dent teacher would use the new word m 
a sentence that would harmonize with 
the content to be read in the science 
textbook(s) 

Pupils tended to make minimal mis¬ 
takes in word repognition when the stu¬ 
dent teacher introduced assumed un¬ 
known words to pupils prior to the ac¬ 
tual reading of content. I believe strongly 
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that pupils who do well in science tend 
to be good readers also. If pupils do not 
read ks well as is necessary, They should 
be assisted by the science teacher to 
comprehend abstract symbols effectively 
so that meaningful learning takes place 
Scientists in a laboratory setting do 
muchreading since this is an important 
way pf acquinng needed information The 
teaching ot science is not a reading 
course, but pupils need direction to iden¬ 
tify needed words so that necessaiy sub¬ 
ject matter can be found in a problem 
solving situation. When words are intro¬ 
duced to pupils pnor to the actual read¬ 
ing of content, learners sometirhes make 
interesting discoveries such as words 
that are antonyms or synonyms Vocabu¬ 
lary growth I he development are impor¬ 
tant in reading science materials. 

Pnor to reading science content, the 
teacher should use pictures or other 
audiovisual materials to assist learners 
to secure background information The 
necessaiy background information 
guides pupils to attach meaning to sub¬ 
ject matter read. Pupils should not be 
word callers They must understand 
what has been read Using visuals or real 
objects that directly relate to the facts, 
concepts, and generalizations read will 
help pupils to understand abstract words 
encountered I find that learners very 
frequently identify problem areas when 
viewing the pictures which make the 
abstract copiprehendible These problem 
areas then provide reasons for reading. 
Reading is then done to secure answers/ 
hypothesis to the identified problems. 
Additional learning activities will be 
needed so that pupils develop reasonable 
hypotheses to problem areas Experi¬ 
mentation should be the heart of the sci¬ 


ence curriculum with reading subiect 
matter as another related avenue ol 
learning 

After learners have completed the 
reading activity for the designated lesson, 
they may then pursue follow up expeii- 
ences Thus, pupils might use semmar 
methods to discuss in depth the subject 
matter read as well as the results ol other 
learning activities The seminar stresses 
depth, not survey learning 

Science teachers should always no¬ 
tice the kinds of errors pupils make in 
reading Diagnosis is then in evidence 
The following kinds of pupil errors in 
reading science conteni should be evalu¬ 
ated by the teacher ' 

1 Mistakes made in sound symbol re¬ 
lationships in reading The science 
teacher might then provide pupils with 
help in phonics as it is needed to under¬ 
stand content read 

2. Weaknesses noticed m pupils not 
being able to divide words into syllables 
so that each word is identified m a mean¬ 
ingful manner There are common pre¬ 
fixes and suffixes which pupils may learn 
to recognize that have much transfer 
value from one situation to the next, e.g 
"un" for a prefix and "fuT for a sufhx 
Once a word has been divided into mean¬ 
ingful parts a pupil may almost imme¬ 
diately identify the unknown due to 
knowing the pronunciation of selected 
parts e.g not being able to identify the 
word "uneasy". However, when the pupil 
divides "uneasy" into component parts, 
he/she' recognizes "un" and "easy". The 
two syllabus are then blended to pro¬ 
nounce correctly the word "uneasy". 

3. Difficulties in using context clues If 
a pupil does hot recognise a word when 
reading science content, the teacher 
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should asl< learners lo provide a word 
Lhai Ills m with the other words.in the 
seiilence Too Irequently, pupils provide 
a .tiuess that is iidiculous for the un¬ 
known word, Certainly, pupils should 
provide a word that makes sense in re¬ 
lationship to the surrounding words m 
the sentence 

Higher Levels of Cognition 

Pupils should relleot upon subject hiat- 
tcr encountered. To reflect requires 
thoiighi, Thus pupils should think crili- 
cally pertaining to ideas gleaned When 
pupils think critically, they separate lact 
Irom opinion, fantasy from reality, and 
the relevant from the irrelevant Learn¬ 
ers may also detect content errors while 
reading Pupils (hen must rellect upon 
the subject matter read so that under¬ 
standing and concentration are in evi¬ 
dence Also, learners will retain content 
longer if rellection upon ideas obtained 
IS emphasized A good science teacher 
realises that pupils needs to become 
good readers since reading is one avenue 
of learning, among others 

Higher levels of cognition also re¬ 
quire that pupils think creatively per¬ 
taining to ideas obtained With, creative 
thinking, pupils secure originality of 
ideas Uniqueness and novelty of re¬ 
sponse are salient in the creative think¬ 
ing domain 

Problem solving procedures as skills 
are vital for all pupils to develop. To solve 
problems, pupils need Lo be curious In¬ 


dividuals who have a desire to learn | 
Reading is one way to obtain neecssaiy 
inforraalion to solve problems. Thus lo 
solve problems, pupils need to identiiy a 
problem area, develop an hyppthesrs, 
test the hypothesis, and revise the hy¬ 
pothesis if needed In each step ol prob¬ 
lem solving, learners may read from the 
science textbook or/and traclebooks, 
e g , pupils might identiiy one or more 
problems in science through reading. 
Generally, additional learning activities 
will be in the offing so that pupils may 
select and solve problems in depLh rather 
than use suiwey approaches 

Conclusion 

A quality programme of reading in sci¬ 
ence stresses learners acquiring vital 
facts, concepts, and generalizationvS in 
ongoing lessons and units of study. 
Reading, along with other activities and 
experiences, should provide a variety of 
endeavours to secure pupil intercsl Vari¬ 
ous endeavours also guide Lhe science 
ieacherm providing for individual dilfer- 
ences in the classroom so that each pu¬ 
pil might learn as much as possible 
Reading in science needs Lo empha¬ 
size higher levels of cognition Thus pu¬ 
pils develop skills in critical and creative 
thinking as well as in problem solving, 
Learners need lo achieve optimally m 
science The world of science surrounds 
everyone and has made for inventions 
and technology that truly are outstand¬ 
ing and revered. , • 
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here isfurrently an active, lively 
and constructive debate con- 
_ cernmg the nature and style of 


teaching of science most appropriate to 
the students in our schools and colleges 
Should science concentrate on content or 
process'? Should we provide education 
in science or educate the pupils through 
science'? Such questions have often been 
raised in the context of science educa¬ 
tion Science now being compulsory for 
all up to the age of 16, the foregoing 
questions have become more probing 
Science teaching essentially requires 
a judicious and careful blending of 
theoiy and practical work, Activities and 
experimental work are an integral part 
ol any conceptual development in sci¬ 
ence As Solomon (1980) has said "Sci¬ 
ence belongs there (laboratory) as natu¬ 
rally as cooking belongs to a kitchen 
and gardening lo a garden". There is no 
doubt that the practical work always 
has a prominent place in the teaching 
ol science. However, the question of its 
expected role and realities to judge its 
contribution towards actual achievement 
need to be addressed 

Science educators have time and 
again tried to emphasize the importance 
of practical work in teaching of science 
Efforts have been made to plan the cur¬ 
ricula in a way which gives lot of scope 
and initiative for such activities. Unfor¬ 
tunately, we. have not been able to 
achieve the goals envisaged through 
practical based curricula Some of the 
plausible reasons for such a situation 
were delved into, through this stcifly. ^ 
For example ' What is the opinion 
of students regarding these activities? 
Do the teachers conduct these activi- 
tif^ simply and effectively'? Do these 
activities have any incentive for teach¬ 
ers and students alike? ' 

Also, this study explore whether the 
attitude towards these activities is re- 
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latccl Lo gender difference or to Ihe dif¬ 
ference in social environments 

Unfortunately, researches in the 
field of science education have so far 
neglected the attitudes towards practi¬ 
cal activities of those people who are 
supposed to actually implement these 
ideas into practice So. the present 
study examined more o( the human 
factors involved in teaching of science 
than merely the physical aspect of sci¬ 
ence teaching. 

Statement of the Problem 

With an aim to investigate the attitude 
towards practical aspects of science, it 
is necessai-y to focus on precise conno¬ 
tation, So the problem is framed as 

Attitudes Amongst Students, Teach¬ 
ers and Other Professionals Towards 
Laboratory and Other Practical Work 
in Science 

Objectives of the Study 

1 To explore the notion of science as 
perceived by students, teachers and 
other professionals 

2. To examine the specific attitudes of 
students, teachers and other 
professionals towards teaching of 
science 

3. To study attitudes towards practical 
aspects of science teaching of stu¬ 
dents, teachers and other profession¬ 
als. 

4 To evaluate the effect of attitudes of 
students and teachers on the stu¬ 
dents’ performance in science. 

5. To study the system of evaluation of 
science in schools. 

Nature of the Study 

The present study being an exploratory 


one, the following How chart is con¬ 
ceived (.0 give a structural view lo the 
research process 

The Sampling Design 

It consists three phases First phase 
consists of selecting the represenlative 
sample of students, second includes the 
selection of teachers and third one is 
that of prolessionals other than teach¬ 
ers 

(i) Students . For the purpose of sclccf- 
ing represenlative sample o( students 
from various stratas, girls and boys 
from boLh rural or urban schools 

Structural View to the Research Process 

Idcnliliralion ol Ihe sample 


Selection ol the .sample 


Adminislering (he lool lor a inal lo 
ensure its conleni vahchlv 


Modilicaiion ol Ihe lool, il lequired 


Admmisiering all Ihe (ools on drlfercnl 
subgroups ol (he sample 


Co-relaling the result ol all (he sub¬ 
groups of the sample 


Major findings or conclusions 


Suggestions for further aludy 
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were selected. 

For pilot study five students from IXth 
and Xth grades of a local school were 
selected, though the same students 
were not included in the final sample. 

Tabie I 

Distribution of Sample Population 


Name of tlie School 


No of Students 


1, Govl Girls CyM Sr Sec. 
School No 2 Palam Vihar 
New Delhi 

2. Govt Girls C/M Sr Sec 
School No 1 C Block, 
Janaltpun, New Delhi 

3 Govl Boys Sr Sec 
School No 2 C Block, 
JanakpLiil, New Delhi 

4 Govl. Boys Sr Sec School 
No 1 Pdlam Village, 

New Delhi 


= 296 students 
= 123 
= 173 


- Sample size 

Total Sample size. 

No of girls 

No, of boys 

No of students from 

rural schools 

No of students from 

urban schools 


(it)' Teacher ■ For the purpose of, select¬ 
ing a representative sample of teach¬ 
ers, both male and female teachers 
were selected from rural and urban 
schools 

Also, the sample of teachers was 
selected from the same schools to 
which the selected sample of stu¬ 
dents belonged Only those teachem 
who were teaching science at IXlh 
and Xth grade were selected so as to 
validate — both teachers’ and stu¬ 
dents’ viewpoints. ' 


Tabi,e 1 

Distribution of Sample Population 

S No Name of the School No, of Teachers 

1. Govt Girls C/M Sr Sec 5 

School No 2 Palam Vihar, 

New Delhi 

2 Govt Girls C/M Sr Sec 5 

School No 1 C Block, 

Janakpuri, New Delhi 

3 Govt, Boys Sr Sec 4 

School No 2 C Block, 

Janakpuri, New Delhi 

4 Govt Boys Sr Sec School 6 

No.l Palam Village, New Delhi 

Total Sample size 20 

Total Sample size = 20 

No. of male teachers = 10 

No. of female teachers = 10 

No of teachers from rural schools = 9 

No of teachers from urban schools = 11 

(ill) Professionals • To inquire into the 
viewpoints of the policy-makers who 
matter, a small sample from this group 
was also considered 

Sample chosen was such that it in¬ 
cluded personnel working at different 
positions and belonging to different in¬ 
stitutions This has been done to have 
a broader opinion pools. 

Tabi.e 3 

Distribution of Sample Population 


S Noiw 0 / lastitullon 

No to which the 
professional belong 

1. Govt Boys Sr 
Sec. School, No 2, 
C Block, Janakpuri, 
New Delhi 

2 Govt. C/M Girls Sr, 
See School No. 1, 

C Block, Janakpuri, 
New Delhi 


Designalion 


Area 

of 

Speciali¬ 

sation 


M Principal Biology 


Principal Biology 







EclucaUon Physu's 
Offifei 


U'C'tuu'i Clit-mibliy 


Lerturt'r Chcmisli-y 
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3 District South West M 1 

Ollicc, Vasant Kuni I 

Zone 21, New Delhi 

4 Slalc Council ol F 1 

Eriucaltonal Reseaich 

and Training (3CERT) 

New Delhi 

5 Central Institute of F 

Eriucdlion (CIE) 

University ol Delhi 

New Delhi 

'total Sample Size 
No Ilf male professionals 
No of loinale prulessionals 


Tools 

In the present study, the reseai'chers 
have developed four tools m accordance 
with the needs relevant to the objectives 
ol the study 

(i) Attitude scale lor the students 

(ii) Interest inventory lor the students 
(ill) Questionnaire for the teachers 

(iv) Semi-strucLural interview for other 
professionals 

Procedure for Analysing Data 

Analysis of the- data will be done in 
three steps 


I. Statistical Analysis 

Used for analysing inforniahon obtained 
from attitude scale 

(a) Mean (measure ol ecmtral tendency) 

(b) Standard deviation (measure ol depres¬ 
sion) 

n. Inferenti^ll Data Analysis 

Slahstica) inferential analysis was ap¬ 
plied to estimate inlra-vanalions in (lit' 
sub-sample of students boys-girls. ru¬ 
ral-urban school sLudenUs and IXlh-Xlh 
grade students, 

To estimalp whether Ihesc vanalions 
are sigmhcanl T' lest was used 

III. Content Analysis 

Content analysis was used by (he re¬ 
searchers in order to analyse 

(i) Students' responses on inventory 

(ii) Teachers’ responses to the queshon- 
naire 

(ill) Professionals’ responses in the inter¬ 
view 

I'he researchers have used sc'man- 
tic analysis ol the first level lor analysing 
fhc data In the case ol sluclenls' re- 


IlEM No 1(0 

(Science can be lun because ,) 
Tadi-e 4 


U/G Tfi/ril 



^R/B .slancls lor 'lura! boys’, •'R/G slancls lor 'rural girls', ’•U/B slands lor lubaii Ika's 
and RJ/G stands lor 'urban girls' 








SCHOOL 

J 

U 

N 

E 

SCIENCE 

1 

9 

9 

7 


sponscs, Lhe analysis would be at the 
manliest level whereas for teachers’ and 
-professionals' responses analysis would 
be at the lalenl level 

Two queslions irom Lhe student’s 
invenloiy to ehciL the responses received 
by the researchers 

This table elicits an interesting aspect 
Eighty per cent students have stated 
positively that science can be fun. 
Out ol those 80 per cent, 24 per cent 
have suggested method by which 
teaching science can be made enjoy¬ 
able full ol lun 

There are some interesting quotes by 
the students m response to this item — 
"While doing practical we get the same' 
pleasure cis in games" 

"In every game there is some 


science", « 

"Which the laboraloiyi method we can 
understand science as simple as a 
game" 

"Science can be fun 11 we are allowed 
to perform pracLicals or quizes " 

1 Thirty per cent of the student seems 
to associate science with general 
awareness of the environment m 
which they live, 

2 Twenty per cent associate science 
with discovery and inventions that 
provide us good and comfortable liv¬ 
ing 

3, Fifteen per cent have expressed their 
interest towards the practical appli¬ 
cation of science 

Some of the quotes by the students 
are as follows 


Item No 2 
Wliat IS Science 


Table 5 


S, 

Cal agones 
oj responses 

IX 

n/B 

X 

*R/G 

IX X 

IX 

UIB 

X 

* 

IX 

U/G 

X 

Total 

1 

Unawaie/Nol answeied 

29 8 

31 2 

- 


97 

25 9 

- 

13 6 

13.8 

2 

Invenlion/clevelopmenl 
leading lo comfoilable life 

2 1 

18.7 

33.3 

50 0 

28 

14 8 

32 3 

13 6 

21 1 

3 

Inloimalion or knowledge 
about things around us 

17 0 

10 4 

22 8 

20 0 

22 6 

14 8 

23 5 

47 7 

28 3 

4 

Snenlilic facts lo be 
undei .stood 

- 

6,25 

28 

- 

- 

- 

■ 

- 

1 Tf 

5 

Utility 

64 

125 

86 

3 3 

2,8 

- 

14,7 

- 

60 

6 

Ocncial Awaieness 

106 

104 

57 

100 

9 7 

7,4 

14 7 

9.1 

97 

7 

Piaclicals make it Inteiesting 

64 

10.4 

20 0 ’ 

67 

25,8 

22.2 

29 

13,6 

135 

8, 

Boring Subject 

12,8 

- 

- 

- 

22 6 

11 1 

29 

2.3 

65 

9 

Thing,s lo uncleisland 

64 

- 

- 

- 

- 


29 

" _ 

1 2 

10 

Keep u.s active mentally 
and physically 

2 1 

■ 

28 

• 

28 

3 7 


- 

18 

11. 

Keep up wholistic view 

85 

- 

2.8 

10 0 

" 

- 

59 


3,4 


*R/B slands lor 'rural boys', *R/G stands for ’rural girls', *U/B stands for 'urban boys’ 
and *U/G slands lor ’urban girls’ 
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liLM No 14 

Whal lypp ol loarhin/^ aids do you use in youi class 
TAiii-t b 


S No Caiegones 


1, Black Boaid 


interest to study scienre) 

4 Impiovised daily use things 


'R/B 

*R/G 

ni/B 

*U/G 

Toinl 

Ifi? 



40 

14 2 

50 

- 

100 

60 

52,5 

33 3 

2.5 

' 

- 

14 6 


75 


. 

18 75 


''Science is a magical snbjecLs " 

"II unfolds secrets of hie" 

"We prefer to be taught by the inclhod 
of practice teachers" 

"Science requires lot of labour " 
"Science is a means to understand 
world better ground you" 

Two questions from teachers ques¬ 
tionnaire to elicit the responses received 


2 Teachers have also pointed lo Ihc 
paucity of facilities and the nunibcr 
ol teachers , 

Summary of Findings 

This section has a relevance with re¬ 
spect to objectives of the study. 

The researchers after analysis and 
inteiqorelation of the data collected, have 


Item No 11 

Is (here any permaneni arrangement in your limc-lablc lor prarlic'als'? 

Taiii.l 7 


S.No Caiegones 

*U/B 

*R/G 


*U/G 

Total 

1 No 

50 

50 

40 

- 

35 0 

2. No with reasons 

- 

25 

40 

40 

26 25 

3. Yes 

50 

25 


40 

28 75 

4 Wot answered 

- 

- 

20 

10 

75 


by the researchers. 

None of'the teachers mentioned the 
use of modern audio visual aids avail¬ 
able for teaching, tor example like film¬ 
strips films, video films, transparencies 
or use T.V, V.C R , Projectors etc, 

It IS evident from the table that ■ 

1 More than 70 per cent teachers have 
stated that there is no permanent' 
provisions of allotted time for practi¬ 
cal 


summed up Ihe findings Findings arc 
grouped as per the analysis of the re¬ 
sponses discussed above 

Students 

1 Amongst all'the students irrespective 
of their gender and school, the rural 
girls of grade Xth reflecled veiy high 
and positive attitude lowarcls sci¬ 
ence, in general, and Lo practical, in 
particular 





2 Overall, the boys seemed to have 
more positive attitude than girls to¬ 
wards the practical aspects of sci¬ 
ence 

3 Grades do not make any significant 
difference in the attitudes of the stu¬ 
dents 

4 Content analysis of the students re¬ 
sponses reflected their different view¬ 
points about the nature of science. 
The girls emphasized the knowledge 
aspect whereas the boys emphasized 
the practical aspect of science It was 
also evident from the analysis that 
the girls are, in general, averse to 
learn science because of the non in¬ 
teresting method of teaching Though 
girls from an urban school specifi¬ 
cally mentioned their linking for 
trainee-teachers who use many aids 
while teaching, Even the boys ex¬ 
pressed the same view 

5. As girls associate science to the 
knowledge aspect, they are not 
averse to taking notes, whereas the 
boys expressed their negative view¬ 
points in this regard Amajonty here 
has the feelings that science is fun as 
it is full of activities which in reality 
are hardly done. As such they ex¬ 
pressed their desire to malce science 
more practical based. 

6. Three-fourth of the students opt for 
science because of their inclination 
whereas some go by their parental 
pressure 

Teachers 

7 Teachers are quite ambiguous in 
their responses They themselves 
contradict their own responses and 
offer a number of reasons for not 
conducting any practical activities or 
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using aids/demonstrations while 
teaching In reality they themselves 
are not very inclined to do so. Inter¬ 
estingly, hardly any one mentioned 
the multimedia approach for teach¬ 
ing, particularly the modern innova-. 
tion in science teaching 

8 Science being a dynamic discipline, 
needs constant updating of one’s 
knowledge which is lacking in most 
of the teachers. When asked specifi¬ 
cally about their membership in any 
scientific organization the answer 
was a big ‘no’ from 95 per cent ol the 
teachers. 

9 Maximum number of teachers in¬ 
volved in this study lail to show their 
innovativeness in procedure for 
evaluating their students 

10 Though, all the teachers are familiar 
with the doctrine of ‘learning by do¬ 
ing' they fail to implement this in 
their own pedagogy when asked 'how 
will you visualize science without 
practical’ the responses were not only 
distributing but also contradictoiy to 
the premise of learning of science 

Professionals 

11 The professionals by and large have 
asserted that teaching of science 
must include both processes and 
products which assist in inculcating 
a healthy attitude towards science 
pnd develop the scientific skills ol the 
students thereby resulting in a 
proper concept formation 

12 Professionals have also emphasized 
that the curriculum should neces¬ 
sarily include numerous prac heals— 
infacL they suggest that science 
classes should be held in laboratories 
— with adequate periods of time al- 
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lotted JtT this activity 

13 Unfortunately, from the interview 
that were conducted with the profes¬ 
sionals, the researchers got an im¬ 
pression that there is no cohesive co¬ 
ordination between supervisory 
agencies that are required to inspect 
and confirm the implementation of 
policies laid down by the department 
of education. Infact it appears that 
each agency tries to shift the onus to 
the other 

14 Professionals have also emphatically 
declared that the evaluation proce¬ 
dure for the practical in the tenth 
grade should be shifted from internal 
examination to external examina¬ 
tion This they feel will enhance the' 
use of practicals in teaching of sci¬ 
ence, 

15 Professionals are of the view that the 
seminars which are being conducted 
by SCERTwill definitely go long way 
in enhancing the skills of the teach¬ 
ers involved with the teaching of sci¬ 
ence 

16. The professionals also feel the need 
for adopting certain policies whereby 


the school teachers are imparted pre¬ 
cise and adequate training to enable 
them conduct practical classes sim¬ 
ply and effectively 

17 Professionals believe that the school 
teachers, if willing, can teach science 
through inexpensive and readily pro¬ 
curable articles which they can make 
use of m simple practicals 

Performance 

18. The researchers found that boys who 
showed a more positive altitude to¬ 
wards science as compared to the 
girls were unable to reflect the same 
in their performance 

20 Teachers attitudes do have an impact 
'on the students attitudes and their 
performance. As all the female teach¬ 
ers of an urban school have admitted 
having administrative difficulties in 
conducting practical classes. This 
implies no practical work is being 
conducted in their school. This is 
also reflected by their students The 
mean of the scores obtained by them 
on the attitude scale is least as com¬ 
pared to that of the whole group 


f 
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ith the launching of Minimum 
Levels of Learning (MLL) ap¬ 
proach to improve the quality 
of pnmaiy education, competency-based 
education is going to be the mainstay 
henceforth Many educators and pri¬ 
mary education project functionaries 
seem to have hardly any major objec¬ 
tions to the competencies laid down by 
the Dave Committee in 1991 However, 


some major controversies have emerged 
regarding implications of the MLLS in 
environmental studies (Vrdya Bhawan 
Society, 1995) Lok J^itibish Panshad 
(LJP) a primary education project in 
Rajasthan made a departure from the 
competencies laid down in the MLL 
document of the National Council of 
Educational Research and Training 
(NCERT), New Delhi and came out with 
its own set of competencies drawing its 
strength from Minimum Level Learning 
Continuum document of the NCERT 
and Eklavaya Prashika (1994) 
programme of Madhya Pradesh 

A recently reported (LJP 1996) re¬ 
view of competencies and EVS textbooks 
of LJP by the Operational Research 
Group (ORG 1995) brings forth the 
strengths of new set of competencies 
over the NCERT propagated competen¬ 
cies in EVS The LJP competencies of 
EVS include the process-skills 
(Sandhan. 1995) 

Over and above this, the mam is¬ 
sue is to relate these to the transaction 
of EVS instruction effectively in the 
classroom. According to Jangira (1994), 
one of the significant aspects of this 
issue relates to the prepai'ation of teach¬ 
ers to plan and transact EVS related 
competencies to pupils The teaching- 
learning methodologies for training the 
teachers are determined, among other 
things, by the essential need to trans¬ 
fer skills to improve teaching/learning 
process in schools so as to ensure 
proper learning by children. 

The training for LJP school teach¬ 
ers is provided by a resource institu¬ 
tion called Sandhan, which has devel¬ 
oped a twelve-day training module along 
with an interactive cascade model of 






assessment OF UNDERSTANDING OF 
COMPETENCY BY PRIMARY TEACHERS 

impaiLinp decentralised participative 
trail 1 U& io teachers at the Block level 
[Sai in.iiu, 1995). The mam require- 
itieii'S ■'! '■-nch at training as put forth 
by dan, ■ > 1994) are as follows ■ 

• Lsstcii.ig to the participants carefully 
and with sensitivity 

• Shanng thoughts, informations, per¬ 
ceptions and process related to EVS 

• Enjoying learning or regarding learn¬ 
ing as a pleasant expenence There is 
little evidence that pain inessential 
condition for learning 

• Involving participants in self-study, 
reflecting and sharing in small 
groups and inter-group interactions 

• The problem solving and inquiry ap¬ 
proach should be central to training 
in an open environment of mutual in¬ 
teraction 

The Tbilisi conference on environ¬ 
mental education in schools has 
rightly recommended the following 
for effective in-service education of 
teachers, 

• Making environmental education 
inservice training available to all 
teachers who need it. 

• Understanding of a wide range of 
educational materials with special 
reference to low-cost material and 
providing opportunities for 
adoptation and improvisation ac¬ 
cording to local circumstances 

• Understanding of environment edu¬ 
cation curriculum 

• Practising pedagogical skills 

• Acquiring commitment and convic¬ 
tion about environmental issues, i e , 
attitudes and sensitivity. 

The main emphasis in training has 
to be on updating and improving the 
pedagogical skills of teachers. Accord¬ 


ing to Shulman (1987), pedagogical 
skills can be improved by stressing the 
development the teacher's ability to rea¬ 
son about the content of instruction 
The teacher must be able to analyse 
critically the material he or she wishes 
to present and explain examples to con¬ 
vey the concepts and adopt the mate¬ 
rial to the interest and abilities ol his 
or her pupils 

About Lok Jumbish EVS Programme 

According to LJP fourth report (1995), 
the highlights of the EVS programme 
are as follows. 

The approach to EVS curriculum 
has been viewed m LJP as an inter¬ 
disciplinary learning area directed to¬ 
wards the development of problem-solv¬ 
ing skills and a concern for the envi¬ 
ronmental realities, This called for a 
departure from the existing curriculum 
of EVS in Rajasthan as well as the com¬ 
petencies proposed by the Dave Com¬ 
mittee set up by the Government of 
India. Consequently, an Advisory com¬ 
mittee was set up by LJ in February, 
1994 under the chairmanship of Shri 
Komal Kothan with a view to evolve an 
innovative EVS curriculum at grade 
Level III 

The Advisory Committee deliberated 
on the nature of EVS cumculum. Draw¬ 
ing on the experiences of other innova¬ 
tive programmes, the committee made 
the following recommendations • 

• The EVS curriculum under LJP be 
process-based, activity-oriented and 
competency-based and the learning 
areas and competencies be reframed 
to fulfil these requirements 

• Care be taken that curriculum helps 
the child in recognising values and 








clarifying concepts so as to develop in 
him or her the skills and attitude 
necessaiy to understand and appre¬ 
ciate interrelatedness between hu¬ 
man beings, their culture and the 
biophysical surroundings 

• Efforts be made to give a proper place 
to the following in the EVS curricu¬ 
lum 

- folk culture and arts of Rajasthan 

- environment-oriented productive 
work, and 

- health and population education. 

• An expert group be formed to develop 
an EVS textbooks for Class III for try¬ 
out in 45 schools of Arain Block be¬ 
fore its extension to other classes and 
Blocks. 

For curriculum development and 
textbook preparation, and eight mem¬ 
ber Expert Group consisting of subject 
experts, educators and teachers was 
formed The group was asked to iden¬ 
tify the learning areas and competen¬ 
cies Within the framework of the rec¬ 
ommendations made by the Advisory 
Committee The Expert Group met 
thrice in March and April, 1994 and 
identified twelve learning areas and 
prepared a draft statement of compe¬ 
tencies to be developed. These compe¬ 
tency statements were reviewed in a 
workshop with teachers in April, 1994 
and redrafted to make them more rel¬ 
evant and local specific In April, 1994 
itself, another workshop was organised 
to evolve a format of the EVS textbook 
This was followed be a month long pro¬ 
cess of writing and reviewing the units 
for the textbook. The first draft of the 
textbook was ready by the end of May, 
1994 which was reviewed during the 
training of master trainers and later 
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dunng the twelve day teacher training 
programme 

The final draft was prepared after 
review of the textbook at these three 
levels. The EVS textbooks titled — Khoji 
Pothi (meaning Discovery Book) was 
published in June 1994 and introduced 
in 45 schools of Arain Block with ef¬ 
fect from the session, beginning July 
1994. 

The basic premise of KhoJi Pothi is 
that the child is curious by nature and 
has an innate capacity to explore and 
learn from the immediate environment 
Hence, while writing Khoji Pothi efforts 
has been to ensure that its transaction 
in and out of classroom enhances the 
child’s capacity to explore the local en¬ 
vironment and lean from it Also, equal 
emphasis has been given to both the 
process and content of learning. The 
process part has activities mainly re¬ 
volving around the following aspects, 
making observations, recording ob¬ 
servations, classifying observations, 
recognising patterns and relation¬ 
ship, hypothesising, verifying, pro¬ 
ducing expenmenting, drawing con¬ 
clusions, making things, ,and doing 
environment-oriented productive 
work. 

Efforts have been made to make the 
content part interesting by the use of 
illustrations, picture reading exercises, 
story-narrative techniques and informa- 
hon-processmg exercise Khoji Pothi has 
been formatted as a textbook-cum- 
workbook to enhance the learner-ma¬ 
terial interaction. 

The new EVS curriculum whs intro¬ 
duced in July, 1994 after twelve day 
training of 130 teachers of two clusters 
of Rain Block. In all four training camps 
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were held with the help of 5 master 
trainers and six resource persons from 
Sandhan. pesides, the resource support 
of ClUvSter Resource Team and Block 
Resource Team, a team from Sandhan 
visited the schools to get the feedback 
for revising the textbook for the next 
academic session. Also, two (2-day) mid- 
session workshops were organised by 
Sandhan for getting feedback from 
teachers One of the mam reasons for 
organization of these workshops was to 
benefit from teachers’ perceptions about 
the textbook 

Objective of the Study 

The objective of the present study can 
be stated as : To study the responses 
of teachers of a Block in the state of 
Rajasthan, regarding their understand¬ 
ing of the competency-based EVS cur¬ 
riculum making use of process-skills 
during their participative in-serving 
training. 

Methodology 

Eighteen primary teachers drawn from 
18 rural schools of Jhalarapattan Block 
Jhalawar district in Rajasthan consti¬ 
tuted the sample. The average qualifi¬ 
cation of teachers was graduation and 
all of them had received their pre-ser¬ 
vice training The mean of age and 
teaching experience was 34 years and 
8 years respectively. 

The twelve day training was residen¬ 
tial in nature. The methodology of train¬ 
ing was basically participative, group 
discussions and group work were the 
two major traiining processes 

The total number of training hours 
devoted for EVS were 12 and this time 
was split into the following sessions - 


• EVS . What, why and how 

• Understanding EVS competency 
statements 

• Hard sports of EVS in previous 
classes 

• Horizontal and vertical linkages 
among competencies 

• Identifying competencies in the les¬ 
sons 

• Role of teacher in EVS curriculum 
transaction 

• Demonstration lessons 

• Concept attainment. 

Another two important features of 
the in service training were the daily re¬ 
view of the training by the participants 
followed by a meeting of the core group 
to affect a raid-course correction by the 
resource persons who mainly functioned 
as facilitators In all, two resource per¬ 
sons were available for EVS training 
while the dally follow-up meeting dis¬ 
cussed the strength and weaknesses of 
the session. The meeting usually lasted 
for about two-hours everyday. Everyday 
the participants presented their review 
in a variety of modes, viz, in the form 
of role play cartoons, wall magazine, 
narrative report, poetry etc 

After the training, the participants 
were asked to give responses to the fol¬ 
lowing five questions, 

1. What difference do you find in the 
existing EVS cumculum and the new 
curnculum? 

2, Why is it necessary to sharpen the 
observational skill of children? 

3. What opportunities will ypu provide 
for sharpening the observational skill 
of children? 

4, What corapetencies/abilities would 
you like to develop among children 
through EVS cumculum? 
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5. Write any five specialities of new 
EVS curriculum 

The understanding of participant 
about EVS curriculum was evaluated 
by three experts on three point scale 
The analysis of the data so collected 
was done using chi-square technique 
to draw conclusions 

Data Collection and Analysis 

The data was collected on a separate 
sheets which consisted of descriptive 
responses. Some of common re¬ 
sponses of the participants were ; 

1. Earlier, EVS curriculum was heavy 
for the child and beyond his devel¬ 
opmental level. The new curricu¬ 
lum is light and activity-based The 
new curriculum provides the aim of 
each lesson in the form of compe¬ 
tency 

2 Observation is the base for making 
a sense of the world. Sharpening 
observational skill will develop cu¬ 
riosity of the child. Observation 
also means providing direct experi¬ 
ences which leads to better under¬ 
standing of concepts 

3 The opportunities that can be help¬ 
ful to sharpen observational skills 
are. learning by doing; providing 
challenges to explore, encouraging 
children to do self-learning 

4. The competencies which can be im¬ 
portant for EVS curriculum can be: 
raising questions; doing experi¬ 
ments, discovering; thinking, logic 
making things, decision making 
value-orientation, imagination; and 
creativity. 

5. The new curriculum is based on 
discovery approach consisting of 


activities, simple and interesting 
reading material, developing com¬ 
petencies, self-learning, and peda¬ 
gogical principles 
Some of the unfavourable re¬ 
sponses of the participants are given 
below . 

1. Although the illustrations given in 
the new EVS textbook are many 
but these are not of good quality. 

2. There is less content or theory in 
the new text book which is contrary 
to the age of knowledge explosion. 
The response sheets -were further 

analysed on the three points scale by 
three experts who had developed the 
process-based curriculum. The three- 
point scale was as follows . 

Good understanding/response = A 
Average understanding/ret. ponse= B 
Poor understanding/resptmse = C 
The weighted scale points were 
given after taking the mean of indi¬ 
vidual scores of participants given by 
three experts. The data on partici¬ 
pants, responses is summarised in the 
following table 

Table 1 

The experts' evaluation of 
understanding of participants about 
EVS curriculum'(N = 16) 


Everts 

level of understanding 

A 

B 

c 

I 

6 

9 

3 

II 

5 

10 

3 

III 

6 

a 

4 


From the above table, the observed 
and expected frequencies were calcu¬ 
lated which have been depicted -in 
Table 2. 
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Table 2 

Summary of experts’ evaluation of 
understanding of participants about 
EVS curriculum (N=18, D.F. = 8) 

I — ■ ■ - 

Expert Frequency of level of Chi-square 
uriderstanding 
ABC 
O E O E O E 

' ] 6 6 9 6 3 6 

11 5 6 10 6 3 6 10 1* 

iti 6 6 8 6 4 6 

• Significant at 0 05 level 

ConcJusiohs and Discussion 

When done in participative mode, the 
teacher training programme produced 
the understanding of competency-based 
EVS curriculum at 0.05 level of signifi¬ 
cance Though there are hardly any 
studies regardmg the participative train¬ 
ing, none-the-less, there are many ad¬ 
vocates for such kind of training 
(Agnihotri, 1994, Lok Jumbish, 1995 
and Sandhan, 1995). 

There is a need to format teacher 
training in the participative mode. 
Kishore (1993) suggests that along with 
participative training, it has to be re¬ 
flective too The fundamental aspects 
of effective teacher orientation 
programme (Agnihotri, 1994) are as 
follows : 

1. Creating an awareness of the learn¬ 
ing process and bring about altitudi¬ 
nal changes. 

2. Cultivating skills and confidence. 

3. Helping teachers to acquire knowl¬ 
edge. 


4 Developing those operational skills 
that are needed to put curriculum 
into practice. 

5 Helping teachers in a sense to be¬ 
come their own informal researchers. 
Thus, sincere efforts need to be 

made to being about equality between 
resource persons and teachers There 
IS a need for intensive full-time inter¬ 
action during the day, both inside and 
outside the training site. Agnihotn et al. 
(1994) further states that it is not only 
difficult to convince teachers that they 
know a lot from their experience and 
knowledge, it is equally difficult to con¬ 
vince resource persons that they may 
have something to learn from-the teach¬ 
ers. 

Thus, residential participative train¬ 
ing hold a good promise in developing 
understanding about curriculum and its 
transaction. As such, training should 
develop relationships between the re¬ 
source persons and trainees which are 
far more important than mere conduc¬ 
tion of training programmes in a rou¬ 
tine fashion. 
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ach and every individual is de¬ 
pendent. on science today All 
_ activities in our lives are asso¬ 
ciated with and are governed by science 
Education is the mam instrument lor 
social change and the teachers had to 
play a vital role in the educational sys¬ 
tem, Among various objectives of teach¬ 
ing, having positive attitude towards 
science and developing scientific tem¬ 
per have been emphasised in the core 
curricular areas of the new education 
policy, Equally important ai'e the knowl¬ 
edge and attitude of the science teach¬ 
ers If the teachers do not possess sci¬ 
entific temper and proper altitude to¬ 
wards Leaching of science, the efforts 
made to achieve the goals of education 


are not likely to yield desired results 
A review of related literature shows 
"manipulative skill in teachers and they 
do not have scientific attitude and 
proper knowledge about the latest hap¬ 
penings around the world", Rao 1990. 
In another study Krishna Gopal (1992) 
had a contradictoiy finding He lound 
that both male and lemale teachers 
teaching science had favourable attitude 
towards science Male teachers ex¬ 
pressed more favourable attitude to¬ 
wards science than the female teach¬ 
ers Keeping in view these contradictoiy 
findings, this study had been under¬ 
taken for a further probe to find out the 
attitude of secondary school science 
teachers towards teaching oi science in 
the schools of Onssa 

Objectives 

The objectives of the present investiga¬ 
tion were' 

1 To study the attitude of secondaiy 
school teachers in general 

2. To study the difference, if any, in the 
attitude of urban and rural science 
teachers towards teaching of science 

3 To study the difference, if any, in the 
attitudes of male and female science 
teachers towards teaching of science 

Hypotheses 

The following hypotheses had been for¬ 
mulated in connection with the study 
1. The teachers in general would be 
having positive attitude towards 
teaching of science 

2 There would be no significant differ¬ 
ence in the attitude of urban and 
rural science teachers towards teach¬ 
ing of science 

3. There would be no significant differ- 
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ence in the attitude of male and fe¬ 
male science teachers towards teach¬ 
ing of science. 

Attitude is a term defined by Allport 
(1935) in sixteen ways on the basis of 
preparation or readiness for favourable 
or unfavourable response which is 
organised through experience and ac- 
tivihes in the presence of all objects and 
situations with which the attitude is 
related, According to him attitude has 
five characteristics such as emotion, 
consistency, target, direction and inten¬ 
sity Keeping in view these characteris¬ 
tics an attitude scale was developed in 
the liked method. At the outset servanty 
statements (both positive and negative) 
were formed Then it was administered 
on a mixed sample of forty urban and 
rural secondary school science teach¬ 
ers of the district of Bolanglr m the 
Western Orissa However, the sample 
compnsed 20 male and 20 female teach¬ 
ers from all types of schools, viz, gov¬ 
ernment aided, unaided and TRW Fi¬ 
nally only 36 items were selected hav¬ 
ing 19 highly positive and 17 highly 
negative items The reliability of the 
scale was found to be satisfactory un¬ 
der the test-retest method. The co-effi¬ 
cient of co-relation was found to be 
0.70. The content validity of the sample 
was found to be satisfactory by refer¬ 
ring it to a panel of experts The atti¬ 
tude scale was finally administered 
through out the state of Orissa by 
stratified random sampling procedure 
The data was analysed by applying the 
statistical techniques of simple mean, 
standard deviation and critical ration 

Presentation and Analysis of Data 

The description of the sample the teach¬ 


ers associated with the study, and the 
analysis of their responses to the ques¬ 
tionnaire are as follows , 


Table 1 

Description of the Sample 




Number 

Percentage 

(a) 

Sex 

Male 

186 

72165 



Female 

70 

27 34 



Total 

256 

1100) 

lb) 

Area 

Urban 

83 

32 42 



Rural 

173 

67 57 



Total 

256 

(1001 

(c) 

Age 

up to 30 years 

73 

28.51 



31—45 years 
46 years and 

134 

52 34 



above 

49 

19 14 



Total 

256 

(100) 

(d) 

Educational 

Qualification 

ISc 

10 

3 90 



BSc 

222 

86.71 



MSc 

24 

9,37 



Total 

256 

(100) 

(e) 

Training 

Qualification 

BEd 

220 

85 93 



MEd 

25 

9 76 



Ph.D 

00 

0 00 



No. Response 

11 

3 90 


■ 

Total 

256 

(100) 

(f) 

Teaching 

Expenence 

upLo 10 yeais 

1.25 

48 82 



11 to 20 years 

75 

29 29 



21 Years and 
above 

56 

21 87 



Total 

256 

(100) 


From the Table 1 it can be seen that 
the total number of general science 
teachers in the sample was 256. Out of 
them 72 65% were male, and 27 34% 
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were female, 32 42% of fhem belonged 
fo urban areas and 67 57% belonged to 
rural areas As regard to their age 
28.51% were upto 30 years of age, 
52 34% were m between 31 to 45 and 
rest 19.14% were above 46 With regard 
to their educational qualification 3 90% 
were I Sc , 86 71% were B Sc and 9 37% 
were M Sc with regard to their profes¬ 
sional training 85 93% were B.Ed,, 
9 76% were M Ed , and 3 90% did not 
give any response As regards the ex¬ 
perience of teaching, 48 82% were hav¬ 
ing 10 years of expcnence , 29 29% were 
in between 11 to 20 and 21.87% were 
above 21 years ol teaching experience. 
Also it was found that only 3.51% sci¬ 
ence teachers had attended the science 
exhibition upto ten time at the State 
level and only 18 75% had attended a 
seminar or a workshop on science 
The mean, standard deviation and 
cntical ratio of the sample are presented 
m Table 2 

Taui.e 2 

Statistical Analysis of the Attitude 
Score 


SI 

No 

Group 

Number Mean 

SO. CR 

1 

Urban 

83 

74 32 

4.43 4 91* 

2 

Rural 

173 

T2,65 

4 54 


Tolal 

256 

73.23 

4 71 

3 

Male 

186 

72 86 

4.47 

4 

Female 

70 

74,14 

4.45 1,84* 


Tolal 

256 

73 23 

4,71. 


• Signilicanl al 01 level 

From (he Table 2 it is found that 
(he general mean attitude was found to 


be 73 23 where the median value was 
calculated and found as 73 38 more 
than the mean value 

The following conclusions were 
found and presented below . 

(1) In general the mean value was found 
in the teacher sample as 73 23 where 
as the median value was found to be 
73 38. Hence it appears that m gen¬ 
eral the science teachers of Orissa 
have positive attitude towards Leach¬ 
ing science This finding is corrobo¬ 
rated by the findings of Krishna, 
Gopal (1992) 

(2) From the Table it is found that the 
difference of mean between urban 
and rural teachers was found to be 
significant at 0 01 level Hence the 
hypothesis number 2 may be rejected 
and concluded that the urban sec¬ 
ondary school Science teachers have 
more favourable attitude towards 
teaching of science than rural sec- 
ondaiy school science teachers 

(3) From the Table it is also found tlrat the 
difference of mean between the male 
and iemale teaches was significant at 
0 01 level Hence the full hypothesis 
number 3 maybe rejected The female 
science teachers have a significantly 
positive attitude towards teaching of 
science than their male counleiparls. 

Suggestions for further study ■ The find¬ 
ings of the study shows a supremacy of 
the urban teacher and female teacher in 
having a positive attitude towards teach¬ 
ing of science The reasons behind such 
a phenomenon may be studied sepa¬ 
rately Further, the role of teaching cli¬ 
mate in schools may be studied in devel¬ 
oping attitude of teachers 






REFERENCES 


1 Best John, W Resecuih in Educalion (41h Ed), Prcniice Hall of India IVl Lid, 
1983, New Delhi, 

2 Buch M,B Second Suwcy of Research m Educaiion, NCERT, 1979, New Delhi 

3 Buch M,B Third Survey ol Research in Educalion, NCERT, 1987, New Delhi 

4 Ediger Marlow ResfniclLmg (he science cnmculiiin School Science, VoL XXXlll, 
No 4,1995 

'5, Husen Torsten, The Memahonal Encijclopaedia oj Ediicaliofi Volume 1, Prelacc 
A,B Pergamon Press, Oxford. New Yoik, 1985 pp 352 

6 Krishna Gopal D Attilude oJ teacher towards science - h studij The cducalional 
review, VolXC VIII No, 12,'1992, p 211 

7 Nicholls Howard and Audrey, Deueloping Ciirnciilwn Piactml Guide, New Ed 
George Allen and Unwin Publishers. Lid, 1992-78 

8, Rao, Bhaskar D Science Educalion m Secoiidari] Schools, A rclkction 
Experiments in Educalion. Vol XVIIl, No 6, 1990, p 63 

9 Taylor Philip H Horo Teachers plan their courses, Nalional Foundalion loi 
Educational Research in England and Wales, 1970, 



Science Feature 



Vaccines from Plants near Commer¬ 
cial Production 

David Welsh 

LPS Indiistiy and Science EdUor 

UK scientists developing a technique to 
produce medically useful peptides and 
proteins m plants and extract them to 
create vaccines and therapeutic prod¬ 
ucts believe the system is nearing avail¬ 
ability for commercial production. The 
Chimaeric Virus Particle (CVP) platform 
technology, patented by Axis Genetics, 
produces oral human and veterinary 
vaccines and immunotherapeutics from 
•plants. It IS now entering a new phase 


of development at the Cambridge labo¬ 
ratories where the company, a world 
leader in this field, is poised to expand 
its peptides pipeline, based on (he ge¬ 
netic engineering of plant virus par¬ 
ticles. 

The technique involves inoculating 
young plants with a chosen plant virus 
which has been modified by genetic en¬ 
gineering to express inimunologically 
active peptides on its suiiace Ldt m 
heated rooms for 21 days, Lhe mudilied 
virus niLiltiplies in the growing plant to 
produce high yields of virus particles 
which are relatively easy to extract, and 
each of these bears multiple copuLs ol 
the peptide or protein ol interest on its 
surface Once purified, these can be 
used as a conventional injectable vac¬ 
cine. 

Axis Genetics is now beginning to 
scale up procedures for extracting and 
purifying the CVPs produced in the 
leaves of the plant ‘ crops’ in prepara¬ 
tion for clinical trials 

According to Axis, the genetic engi¬ 
neering of plant viruses to present im- 
munologically active peptides m this 
way IS a 'quantum leap’ and the com¬ 
pany expects a wide range ol novel 
human and vetennaiy health care prod¬ 
ucts to result within the next decade 
The fact that the virus particles ex¬ 
pressed by the plants are stable at body 
temperature and suiwivc both exposure 
to acid and digestive enzymes also 
opens up the exciting possibility of then- 
eventual use as oral vaoeine.? 

Such a breakthrough could Irans- 
form vaccine dchvciy: purified parliclcs 
could be administered orally or plant 
material eontaining parlu'lcs c'ould be 
used as Ihe basis ol a range r lihic 
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varcines against life - threatening or dis¬ 
abling diseases. 

Axis has already concluded a num¬ 
ber of research agreements Negotia¬ 
tions are also well advanced for strate- . 
gic alliances with several major phar- ! 
maceutical companies which are keen ' 
to unlock the potential of their own 
promising but undeveloped peptides for 
the lirst time by harnessing the novel 
Axis CVP platform technology 

Among current collaborations, re¬ 
search with the Institute of Animal Sci¬ 
ence and Health in the Netherlands and 
The Slate Veterinary Institute for 
Virology in Denmark on parvovirus, an 
important disease of domestic dogs and 
oats, is making significant progress. A 
project with Britain's Institute of Ani¬ 
mal Health on the Foot and Mouth Dis¬ 
ease Virus {FMDV] that affects agricul¬ 
tural livestock offers another strong 
prospect ol success This work is de¬ 
signed to produce a vaccine which does 
not use the live virus itself, thus com¬ 
pletely eliminating the major danger of 
disease outbreaks caused by the present 
FMDV vaccines 

Research is also underlay with 
Warwick University on a novel approach 
to an AIDS vaccine, Designed to give 
protection against variants of the HIV 
virus, this is based upon a mixture of 
several types of viral particles, each of 
which is designed to stimulate the im¬ 
mune syslcin (o produce antibodies 
These are designed to protect against 
variants ol the HIV virus 

Fungal Infections 

In the area of immunotherapy. Axis is 
working closely with the Loyola School 
of Medicine m Chicago on a novel way 


to combat fungal infections This is a 
particular problem for AdDS patients 
and those receiving chemotherapy for 
cancer The new approach is likely to 
be compatible with existing treatments 
which currently tend to be only partly 
elfective Other work with the Univer¬ 
sity of Oxford covers new research work 
on an immunotherapeutic approach to 
the treatment of colon cancer 

The patents held by Axis for CVP 
technology are expected to dominate 
world production of peptides and pro¬ 
teins as chimaeric plant virus particles 
One form of the technology, known as 
EPICOAT, was initially developed by 
Purdue University in the United States 
and the UK’s John Innes Centre A 
small part of a foreign protein (a pep¬ 
tide) IS inserted into a virus in such a 
way that it remains exposed on the 
surface of the particle The exact point 
of insertion is crucial if the virus par¬ 
ticles are to assemble correctly and the 
virus to replicate normally while the 
peptide continues to be exposed on its 
surface 

By altering an otherwise natural 
virus, specific host plants can be used 
to propagate large quantities of CVPs 
Current developments centre on the 
cowpea mosaic virus which infects the 
cowpea plant of ' black-eyed’ bean, the 
shape of which can accommodate 60 
copies of the peptide, 

OVERCOAT Technology — the use 
of the CVP technique with rod — shaped 
plant virus particles — was invented by 
scientists at the Scottish Crop Research 
Institute and enables much larger 
polypeptides or proteins to be presented 
CVPs have been produced which 
present over 1,000 copies of proteins of 
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at least 350 amino acids in size The ■ 
technology has potential for producing 
certeiin vaccine types and also for pro- ; 
ducing pharmaceutical or industrial 

protems 


65 


Axis IS currently seeking partners 
for the commercial exploitation of CVP 
technology^ in both veterinaiy and medp 
cal applications 

Courtesy . Speciuum 



Objective l^pe Questions on 
Periodic Table 

Dk K.K, MbHKA 

Homi Bhabhii Centie for Science Educatuin 
Tata InhtitLile of Fundamental Reaeaich 
V N Puiav Maig, Mankhuid 
Mumbai 400 OSS 

Choose the correct answer ■ 

1, The most abundantly occurring ; 
metal in the Earth's crust is ; 

(a] aluminium (b) iron 
(c) tin (d] titanium ‘ 

2 Which of the lollowing elements has 
the highest density ? 

(a) tungsten (b) osmium 
(c) tin (d) molybdenum 

3. The metal having the lowest density 

IS 

(a] lithium (b) cesium 
(c) cobalt (d) aluminium 

4. Which of the following metals is used 
for making bulletproof alloy steel 

(a] Zirconium (b) titanium 

(c) yttrium (d) cesium 

5. Which of the following metals is used 
in making high - speed tools ? 

(a) tungsten (b) iron 

(e) manganese (d) tin 

6 Which of the following triplets of 
metals is called 'coinage metals' 

(a) iron, copper, cobalt (b) tin, cop- 


1 per, silver (c] gold, copper, nickel | 
(d) copper silver, gold 

7. Which of the following triplels of 
metals is known as 'noble-metals' 

(a) palladium, silver, gold (b] copper, 
silver gold (c) osmium, indium, plati¬ 
num (d) silver, gold, platinum 

8 The only transition metal which is 
artificially produced is 
(a) scandium (b) titanium 
(c) vanadium (d) technetium 

9. Which of the following metals is most 
ductile ? 

(a) aluminium (b) copper 
(c) silver (d) gold 

10 Which of the following has the 
highest melting point ? 

(a) carbon (b) gallium 

(c) tungsten (d) osmium 

11 Which of the following is the most 
harmful radioactive element ? 

(a) uranium (b) radium 

(c) francium (d] plutoniupi 

12. Which one of the following metals 
is used in making surgical instruments'^’ 
(a) titanium (b) nickel 

[c) rubidium (d) cobalt 

13 Which of the following metals has 
the highest melting point ? 

(a) tungsten (b) gold 

(e) ruthenium (d) rhodium 

14 The element which has the high¬ 
est number of isotopes is 

(a) hydrogen (b) uranium 

(c) thorium (d) xenon 
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15 . Which of the following elements has. 
(he least number of isotopes ? 

/(a) hydrogen (b) carbon 

(c) radon (d) oxygen 

16 Which of the following isotopes is 
used in radiotherapy'? 

(a) cobalt-60 (b) uranium - 238 
(r) deuterium (d) oxygen - 16 

17 Which of the following metals is 
mainly used in making marine equip¬ 
ment because of ils corrosion - resis¬ 
tant property'? 

(a) lithium (b) titanium 

(c) vanadium (d) nickel \ 


18 Which of the lollowmg has the low¬ 
est melting point? 

(a) helium (b) lluorine 

[c] kwpton (d) astatine 


19 In addition to diamond and graph¬ 
ite which of the following is the natural 
and pure form of carbon? 

(a) CIS - platin (bj coke 
(c) azulenes (dj fullerenes 

20. All radioactive elements have the 
natural tendency to disintegrate and get 
converted into 

(a) lead |b) uranium 

(c) thorium (d) plutonium 

I 

21 The most abundant element in our 
universe is 

(a) oxygen (b) carbon 

(c) hydrogen (d) nitrogen 

Answer 

la 2,b 3 a '4a 5a 6d 7,d 8,d 
9.d 10 a ll.b 12 d 13,a 14 d 15a 
16 a 17,b 18 a 19 d 20,a 21,c 
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Dolly — A Wonder Sheep 

A team of scientists at Rosolin Insti¬ 
tute, Scotland disclosed in February 
1997 that they have been successful in 
cloning a sheep, a feat which many bi¬ 
ologists had believed to be impossible 
A clone is a genetically identical rep¬ 
lica of an organism which is derived 
from a single parent by non-sexual 
method, A clone is, thus identical with 
its parent both physically as well as 
genetically. In other words, it mean that 
a clone has all its chromosome idenli- 
cal with its parent which i.s not true in 
the case of natural offspring The sheep, 
christened as Dolly, is the only mam¬ 
mal in the world not produced by the 
fusion of the sperm and the egg, the 


way the natural and traditional rcpio- 
duction takes place m the animal world, 
At the time of reporting Dolly was .seven 
month old 

As a technique, eloning has been 
known for many years In laet, liorli- 
cultunsts have been cloning plan Is by 
)usl planting a twig Ironi a parent planl 
to obtain an entire tree The word clone 
IS, in fact, derived Ironi a Greek word 
meaning 'twig' In llie case ol anini.ils 
also the technique ol producing iden¬ 
tical twins by splitting a leriilized em¬ 
bryo and then planting them m llie 
womb of surrogate mothers lias liec-n 
developed for quite sonic lime This 
technique has been snccessliillv used 
lor improving the breeds ol milk yuid- 
ing animals An Aiustrahan U'ain has 
recently claimed to have dcvelopi’d a 
technique which would make it possible 
to fertilize eggs ol a high yielding breed 
of cow with a prized bull's sperm and 
then produce hundreds ol identical oll- 
spnng 

However, the leeliniqiie dei'clopivl 
lor cloning ol Dolly al I he Roselni In¬ 
stitute is a maiwel ol geneheal engineer¬ 
ing and it is quite dillerenl Iroin Ihe 
earlier techniques. The science liehincl 
the new leehnicpie ol eloning has licen 
declaimed as a breaklhrough because 
it is ior the first lime dial a manimal 
has licen created Irom non-reprodiic- 
live tissues of an adull animal Dolly 
the sheep, is a clone in (nie deliiiilion 
ol the term because her DNA eonu's 
Ironi a single ecll taken Irom lu'r 
mother's udder winch was lused vvilli 
an unlcrlilizcd t'gg Irom whii h Ihe 
nucleus has been removed 'fhc' Insed 
cell was persuaded to cln'ide lo lorm an 
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embryo that was implanted into a 
surrogate mother, where it matured into 
a healthy sheep 

Attempts for developing techniques 
of cloning have been going on since 
1950 The biggest achievement in clon¬ 
ing Dolly over earlier attempts lies in 
the choice of the cell to be taken from 
the udder The cell taken from the ud¬ 
der has been exactly in the same stage 
of its lifecycle as the egg in which it 
was transplanted. Through a special 
process the cell was kept alive while its 
growth was stopped This process com¬ 
pelled the adult udder cells to switch 
off the factors which make them grow 
as the cells of the udder, Thus, they 
I were readied to be reprogrammed to a 
stage which could be called an infancy 
stage under the influence of the egg 
cell Thereafter, it followed the natural 
course 

The disclosure about the cloning of 
Dolly' has once again opened up the 
debate on many ethical issues. Ques¬ 
tions are being raised whether the hu¬ 
man being should interfere with the 
natural processes concerning living be¬ 
ings. 'Will cloning of human beings be 
the next in the agenda In what way 
such interference with the nature will 
affect the living world, in general, and 
human beings, in particular ? How¬ 
ever, many scientists believe that the 
development of technique for cloning 
higher animals including human beings 
may not be feasible in near future The 
basis of this line of thinking appears 
to be the fact that cloning of Dolly could 
be possible only after nearly 270 un¬ 
successful attempts The main reason 
for this had been the problem faced in 
selection of appropriate cell at the cor¬ 


rect time of its lifecycle In higher ani¬ 
mals this step may pose even greater 
challenge because not only the growth 
patterns but complexities m the pro¬ 
cess also vary widely in the higher 
group animals 

Whatever be the ethical issues in¬ 
volved, the cloning of Dolly is a signifi¬ 
cant step towards understanding at 
molecular level the basic processes in¬ 
volved in the growth of living organ- 


AllMS Develops a Special Kit 
for Indian HIV Patients 

A team of scientists comprising Dr 
Pradeep Seth and his research associ¬ 
ate Mohammed Najeeb Siddiqui in the 
Department of Microbiology, All India 
Medical Institute of Medical Sciences 
(AIIMS), New Delhi have developed an 
indigenous Lest kit for all the prevalent 
HIV antibodies to the Indian popula¬ 
tion The enzyme linked immuno-sor- 
bent assay (ELISA) kit is claimed to be 
100 per cent sensitive as it can delect 
all virus sub-types that are present in 
the Indian population 

According to its inventor Dr Seth 
the kit has been developed after intense 
research and a series of experiments 
speared over a period of two and a half 
years It has undergone more than 
1000 laboratory trials and nearly 500 
field trials and has successfully de¬ 
tected the HIV virus in almost all cases. 
At present two types of HIV — type 1 
and 2 are prevalent in patients in In¬ 
dia of which the former is fhe deadli¬ 
est and more widespread There are 
sub types A to H and O While the 
sub-type B is more widespread in west- 
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ern countries, sub-type C is predomi¬ 
nant in India The kit has been able • 
to detect all the sub-types. ; 

The laboratory cost of the new kit • 
is approximately Rs 7 00 as compared ; 
to the imported kits which cost aboul . 
Rs 17 50 each. It is envisaged that the . 
development of this kit will enable the 
government to save huge sums of for¬ 
eign exchange which it has been spend¬ 
ing on the import ol HIV testing kits 
At present, the government imports 
niore that one million unit test kits and 
the number is likely to increase sub¬ 
stantially in coming years as the sur¬ 
veillance for AIDS gets increased 

Plastic Lung Offers a New 
Hope 

A significant breakthrough has been 
made by a team of British scientists m 
developing an artificial lung made of 
plastics. Although implantation ol such 
a lung in human beings may take an¬ 
other five years, a breakthrough has 
been achieved by successfully implant¬ 
ing a plastic lung in a pig and keep it 
alive for nearly 24 hours. In the next 
stage of development, it will be tried on 
a sheep which is expected to be the fi¬ 
nal step in preparation for its trial on 
human beings. 

The artificial lung of the size of a 
portable CD player is of the shape of a 
box containing a lattice of porous fibre 
tubes It be inserted into the chest cav¬ 
ity so that it can force the blood 
through the porous fibre tubes which 
carry oxygen from a tank from outside 
the body of the patient The o^gen- 
ated blood is then again pumped back 
into the body. However, the problems 
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concerning blood clots and rc)eclion ol 
the system by the immune system of 
(he body arc still to be tackled Another 
inconvenience the patient has to bear 
with IS that he or she will have to cany 
the oxygen tank wherever he or she 
moves The advantage this artilicial 
lung is to offer is that the patient need 
nol be conlined to hospital bed while 
waiting for a donor for transplantation 
of the lung 

Launching of INSAT - 3 
Series Scheduled in 1999 

The Indian Space Research 
Organisation (ISRO) has made an an¬ 
nouncement about the third generation 
eommiinicalion satellite programme — 
INSAT -3 Five satellites under Ihird gen¬ 
eration INSAT will be launched between 
1999 and 2003 

The launching of the first two sat¬ 
ellites, 1NSAT-3A and INSAT -3B would 
be done through launch vehicles of 
other countries. The launch of the three 
other satellites, INSAT -3C, INSAT -3D 
and INSAT -3E , would depend on the 
success of test flight of the geo-siation- 
ary launch vehicle (GSLV) 

According to ISRO chairman K 
Kasturirangan, Preliminary Configura¬ 
tion for lnsat-3 communication satel¬ 
lite programme had been finalised af¬ 
ter the definition phase. 

' The launches of INSAT -3C onwards 
could be canned out by indigenously de¬ 
veloped launch vehicle GLSV provided 
the rocket gave a satislactory result in 
its first three developmental flights 
These satellites would have similar con¬ 
figuration to that of INSAT -2 series 

These satellites will have transpon- 
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ders lor expanded coverage, India cov¬ 
erage and KU-band transponders lor 
intra-ciLy coverage and satellite news 
gathering, and search and rescue pay- 
loads It would generally be of the 2,500 
kg class weight and have a power range 
of 2 3 kw 

Galactic Cloud of Antimatter 
Discovered 

NASA's Compton Gamma Ray Obser¬ 
vatory [CGRO) have discovered two un¬ 
expected clouds of antimatter m the 
Milky Way Galaxy which scientists call 
"antimatter annihilation radiation" Sci¬ 
entists from Northwestern University, 
Evanston, IL, the Naval Research Labo¬ 
ratory (NRL), Washington, DC, and 
other institutions used CGROs Oriented 
Scintillation Spectrometer Experiment 
(OSSE) to make the discovery. II indi¬ 
cates to the existence of a hot fountain 
of gas Idled with antimatter electrons 
rising from a region thaf surrounds the 
centre of the Milky Way galaxy. The 
nature of the furious activity produc¬ 
ing Ihe hot anti matter-tilled I’ountain is 
slid not clear, but could be related to 
massive star formation taking place 
near the large black'hole at the centre 
of the galaxy Other possibilities include 
winds Irom giant stars or black hole 
anlimalter factories 

According to the researchers the 
maps of gamma ray sources Irom 
CGRO show the existence of a large 
cloud of antimatfer near the galactic 
cenire and along the plane of the gal¬ 
axy, The maps, surpnsingly, also show 
a second cloud of antimatter wed off 
the galactic plane. The second cloud 


may be caused by the explosions ol 
young massive stars A number ol theo¬ 
ries has been proposed to explain the 
mystery behind the origin of this new 
and unexpected source ol antimatter, 
The antimatter cloud could have been 
formed by multiple star bursts occur¬ 
ring in the central region of the galaxy, 
jets of material from a black hole near 
the galactic centre, the merger ol two 
neutron stars, or it could have been 
produced by an entirely different 
source, according to James D. Kurless, 
Head of the. Gamma and Cosmic Ray 
Astrophysics Branch at the Naval Re¬ 
search Laboratory 

Dr Charles Dernier and Dr, Jedrey 
Skibo ol NRL have observed that the 
gamma-ray obseivations enabled them, 
to see clearly, for the first Lime, a new 
part of our galaxy made oi a hoL col¬ 
umn ol .gas filled with antimatter elec¬ 
trons (also called positrons) In then- 
opinion the antimatter electrons come 
from newly created elements produced 
by exploding stars formed near the cen¬ 
tre of our galaxy 

Evidence points to the existence of 
a black hole with the mass of a million 
Suns at the very centre of our galaxy 
Unlike in other galaxies which harbor 
huge black holes, veiy little light comes 
from this source Huge dense clouds of 
gas also surround the galactic centre. 
Prolific star formation, powerful stellar 
winds from massive stars, and super¬ 
novae are all found here Another 
theory, based on observation of radio 
lemissions showing some black holes 
produce X-rays and jets, is that such 
outflowing jets could be made of anti- 
' matter 








The Compton Gamma Ray Obser¬ 
vatory, launched from Lhe Space 
Shuttle in 1991, views the universe m 
a search for gamma rays and their 
source. Gamma rays are extremely en¬ 
ergetic light photons produced by high- 
energy particles, by the decay of excited 
nuclei, and when matter and antimat¬ 
ter annihilate each other. Antimatter 
cannot be found in large quantities on 
Earth because it would instantly vapor¬ 
ize anything it came into contact with 
All evidence points to the universe be¬ 
ing composed almost entirely of nor¬ 
mal matter, though opinions differ on 
this. Using the OSSE experiment, Lhe 
OSSE team found antimatter positrons 
to be annihilating with normal matter 
electrons at an astonishing rate Sci¬ 
entists are speculating on the origin of 
this antimatter, with a "black -hole 
lobby" favouring antimatter production 
in the jets of black holes 

Other scientists favor freshly syn* 
thesized radioactive material in stellar 
explosions being ejected up above our 
galaxy in an annihilating fountain of 
gas Drs Dermer and Skibo favor the 
latter scenario, because exploding stars 
will eject, large quantities of hot gas 
made up of normal matter. This hot gas 
provides a target with which the anti¬ 
matter electrons can annihilate 

Whatever the true situation, a hot 
gas appeeirs to be heated and blown out 
from the region near the centre of our 
galaxy This antimatter-filled gas traces 
a new feature of opr Milky Way, essen¬ 
tially unknown until now Activity hid¬ 
den behind vast clouds of dust and gas 
can be seen in the light of its gamma 
radiation, giving a new view of our 
home galaxy. 
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BARC Develops a new Tech¬ 
nique to Desalinate Brackish 
Water 

The Bhabha Atomic Research Centre 
(BARC) has developed a new technol¬ 
ogy to desalinate brackish water The 
technology offers a hope for solving the 
problem of drinking water in scarcity 
hit areas as also on the ships which 
remain m the sea for a long time The 
technology is based on "reverse osmo¬ 
sis" technique but is likely to be quite 
cost effective as compared to the tech¬ 
nology available at present It is capable, 
of desalinating about 30,000 tonnes of 
brackish water in one day 

The BARC technology is based on 
the tubular and plate module configu¬ 
ration and has, the capacity to desali¬ 
nate brackish water containing up to 
10,000 ppm of undissolved solids 
technology can also be made applicable 
in solving other major problems like Lhe 
treatment of effluent water, sewage and 
industrial waste water 

It has been worked that plant uti¬ 
lizing this technology can be set up at 
affordable costs to meet the pbtable 
water needs of suburbs of metros like 
Mumbai and Delhi It will save Lhe cost 
of laying pipelines as well as the tost 
of pumping water through long dis¬ 
tances because the ground water avail¬ 
able near urban habitations can be 
made potable by this technology even 
if it has a high salt concentration 
The technology promises to make 
sufficient portable water available in 
areaa like Gujarat and Rajasthan where 
water scarcity keeps the population es¬ 
pecially women occupied for entire day 
in fetching water from large distances. 







Why the Heart Stops 
Pumping: Cellular- 
Molecular Defect in Heart 
Failure Identified 

Untreated high blood pressure is the 
main cause of many a cardiovascular 
disease, including enlargement of the 
heart, hear! failure, arrhythmias and 
stroke It is a leading cause of death 
world over When high blood pressure 
persists untreated, ii enlarges he cells 
ol the heart and produces a silent de¬ 
left in the heart’s pumping mechanism, 
according to a team of researchers 
headed by Prof W Jonathan Lederer, 
Head of the Department of Moleeular 
Biology, at the University of Maryland 
School of Medicine and Medical Biotech¬ 
nology Center in Baltimore, U S,A 

Although the enlargement of the 
heart cells may appear as a beneficial 
adaptation of the heart in its task of 
pumping blood, the silent defect re¬ 
mains hidden like the enemy army 
within the Trojan horse The Maryland 
researchers found that the defect within 
each enlarged heart cell of the animal 
with high blood pressure — which they 
traced to the same cellular and molecu¬ 
lar changes — is identical to the defect 
seen later in heart failures 

Analogy with the Trojan horse aptly 
fits in because the defect appears to be 
masked initially by increased activity of 
the sympathetic neiwous system which 
is able to improve heart function The 
defect, therefore, is not readily noticed 
according to Prof Lederer, However, as 
the sensitivity ol the heart to continu¬ 
ous activity of the nervous system de¬ 
clines with time, the defect is unmasked 
and contributes to the developing heart 
failure. 

Under normal condiLions, the heart 
beats in response to a complex electn- 
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cal-chemical process called excitation- 
contraction (EC) coupling During EC 
coupling, an electrical signal sweeps 
through the heail to trigger the contrac¬ 
tion that pumps blood throughout the 
body. This wave ol electrical activation 
spreads through Ihe heart, permitting 
a minute amount of calcium to enter 
each heart cell through some 100,000 
calcium channels that cover the surface 
of the cells These calcium channels are 
the Largefs for widely-used "calcium 
channel-blocker" medications 

Normally, the calcium that enters 
through each calcium channel gives an 
extremely weak signal which must be 
amplified so that it can persuade ihe 
cell to act. Luckily, there are close to a 
million amplifier modules throughout 
the cell, conveniently locate close to the 
calcium channels They amplify the 
weak signal from the calcium channels 
to produce a much larger rise in cal¬ 
cium, which in turn causes the heart 
cells to contract 

Investigations of Prof Lederer and 
his team on the EC coupling of heart 
cells of rats with high blood pressure 
displaying either simple cellular enlarge¬ 
ment or contractile failure, have led 
them to the discovery of a surprising 
defect Although each of the elements 
in the calcium amplification system 
worked properly, the signals produced 
by the calcium channels were nonethe¬ 
less inadequately amplified and thus 
remained muffled in both cells. 

A New Hope for the Blind 

British, surgeons have been able to re¬ 
store a man's sight by inserting a piece 
of his tooth and jaw bone m his eye, 
The technique known as orsteo-odental 
keratoproshesis has been pioneered in 
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Italy by Giancarlo Falcinelli. 

The sixty two year old patient who ; 
has lost his vision c-ompletely for nearly ; 
two years, can now read a newspaper 
The surgeons used a piece of patient’s 
tooth and jaw bone to build a frame for 
ana artificial cornea. 

In the first stage ol operation an oral 
surgeon removed one of the patients’ 
teeth and a piece of jawbone, then 
ground them into a miniature curved 
plate 9 mm long, 6 mm wide and 3 mm 
thick Later on the surgeon fixed a plas¬ 
tic optical lens into this plate to form 
ana artificial cornea and planted it to 
the eye 

Galileo discovers Magneto¬ 
sphere of Jupiter’s moon 

The US spacecraft Galileo began send¬ 
ing data about Jupiter’s -moon 
'Ganymede' as it passed close-to the 
moon m December, 1996. The audio re¬ 
cordings made from the data received 
from the planet sized largest moon of 
the solar system are characterized by 
a soaring whistle and hissing static 
"sound' which are attributed to its self¬ 
generated magnetic cocoon called mag¬ 
netosphere The magnetosphere shields 
the moon from the magnetic intluence 
of its giant parent body, the Jupiter 
The scientists say that the new find¬ 
ings about Ganymede indicate that it 
has a closer resemblance with a planet 
like the Earth rather than other moons 
in the solar system According to the 
scientists, the approach of the space¬ 
craft to Ganymede was relatively quite, 
"until all of a sudden, there was a big 
burst of noise that signalled its entry 
to the'magnetosphere of the moon" 


The noise was typical of a pas&a,ge 
through a magnetosphere and lasted lor 
about 50 minutes Another burst was 
recorded at the time ol the exit of the 
spacecraft from the magnetospheres. 

Based on extremely precise data 
from the tracking spacecralt, investiga¬ 
tors have been able to confirm that 
Ganymede’s interior is differentialed, 
-probably having a three layer structure. 
The data clearly shows that Ganymede 
has diflerentiated, into a core and 
mantle, which in turn is enclosecrby 
an ice cell. The metallic core ol the 
moon is about 400 lo 960 km thick sur¬ 
rounded by a rocky silicate mantle 
which itself IS enclosed by an ice shell 
of about 800 km. 

It may be recalled that the space¬ 
craft Galileo was launched in 1989 and 
it arrived at Jupiter on December 7, 
1995. Since than it has been continu¬ 
ously sending back valuable data as it 
flies past Jupiter and its diflcrenl 
moons 

‘Blood’ may Increase Crop 
Yield in Future 

If the findings of a recently reported re¬ 
search study are to be believed the 
plants may have a taste for 'blood’ Leif 
Bulow and his colleagues at the Uni¬ 
versity of Lund in Sweden have shown 
that the tobacco plants grow belter 
when they are implanted with a gene 
that makes a bacterial version of 
haemoglobin, the red pigment in human 
blood responsible for the transportation 
oxygenated blood to different parts of 
the body Their experiments have re¬ 
vealed that by the end ol three weeks, 
the tobacco plants carrying the gene 
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had grown twice the size of their natu¬ 
ral counterparts They also contained 
up to 40 % more chlorophyll pigment 
and a substantial use in their metabolic 
rate The team now intends to test the 
effect of the gene in major crops like 
rice and maize However, some scien¬ 
tists though impressed by the unex¬ 
pected findings of the study have specu¬ 
lated that some plant species might 
even suffer damage or have stunted 
growth if extra oxygen brought m by the 
haemoglobin triggers unwanted meta¬ 
bolic activity. 

New Images Hint at Wet and 
Wild History for ‘Europa’ 

Chunky ice rafts, and relatively smooth, 
crater-free patches on the surface of 
Jupiter's frozen moon Europa suggest 
a younger, thinner icy surface than pre¬ 
viously believed, according to new im¬ 
ages from Galileo’s closest flyby of 
Europa when the spacecraft came 
within 586 kilometres of the Jovian 
moon These features, which lend cre¬ 
dence to the idea of hidden, subsurface 
of oceans, are also stirring up contro¬ 
versy among scientists who disagree 
about the age of Europa’s surface 
According to Dr Ronald Greeley, an 
Anzona State University geologist and 
Galileo imaging team member, the ice 
rafts reveal that Europa had, and may 
still, a veiy thin ice crust covering ei¬ 
ther liquid water wazzu or slush. These 
blocks ice which are similar to those 
seen on Earth’s polar seas during 
springtime have puzzled the scientists. 
The size and geometry of these features 
suggest that there was a thin icy layer 
covering water or slushy ice, and that 


some motion caused these crustal 
plates to break up These rafts appear 
to float Just like the icebergs on Earth 
Another puzzling observation is that 
these rafts appear to rotate as if being 
churned by convection 

The new images of Europa’s surface 
have also sparked a lively debate among 
scientists about have its age. Some of ' 
them believe that the smoother regions 
with few craters indicate Europa’s sur¬ 
face is much younger than previously 
believed. This group estimates that the 
areas from where the data have been 
received may be a few million years old 
or less, which is about as young as any 
planetary surface besides Earth How¬ 
ever, some others see things differently 
and put Europa’s surface besides Earth. 
However, some others see things differ¬ 
ently and put Europa’s surface age at 
closer to one billion years old Accord¬ 
ing to them the cratering rate at Jupi¬ 
ter IS less than .the cratering rate in the 
Earth-moon system. Therefore a 
smoother region should not be seen as 
an indicator of younger age 

Scientists hope to find answers to^ 
some of the questions surroundirig 
Europa and its possible oceans as the 
Galileo spacecraft continues its journey 
through the JOVIAN system. The craft 
will return for another Europa flyby on 
November 6, 1997, the fmal encounter 
of Galileo’s primary mission. 

Removal of Gall-bladder 
Stone Made Easier by the 
New Technique 

A new, sound-driven, scalpel is helping 
surgeons remove gall-bladder stones 
from a growing number of school chil- 







dren they suspect are victims of 
"burger-cola-chip" diets. 

Recently gall-bladder stones from a 
7 year old boy were removed with this 
technology m a New Delhi hospital. 

The technique brown as "harmonic 
scalpel" involves laparoscopic operation 
by making "button holes" in the body 
of the patient to insert surgical instru¬ 
ments and a camera lens for viewing. 
The biggest advantage ol Lins technique 
IS that the patient has to undergo a 
minimal trauma of operation and the . 
post operation recovery is very fast. 
According to the doctors this technique 
could become standard for children suf¬ 
fering from gall-bladder stone since 
there is little physical or psychological 
damage to the patient as compared to 
traditional surgical operation. 

The harmonic scalpel depends on 
sound energy to increase the cutting 
power of the blade and also to seal 
bleeding vessels by inducing tissue-pro¬ 
tein to coagulate around surgical injury. 
So far, scalpels used for button-hole 
surgery have depended on electrical 
energy or lasers to achieve the same 
results. But unlike the harmonic scal¬ 
pel both involve heat and often burn the 
tissues or damage nearby organs such 
as the liver 

For the laparoscopic surgeon, who. 
has to operate by watching the proce¬ 
dure on a video monitor, smoke from 
burning tissues can obscure the lens 
of the camera and hamper his work 
(UNI) 

Gene to Help Lose Weight 
Discovered 

Scientists have discovered a gene that 
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might someday help people shed off ex¬ 
cess fat at the cost of maintaining a 
slightly higher body temperature The 
gene appears to make people burn off 
calories, and it might help explain why 
some people are prone to getting fat, It 
IS believed that researchers will soon be 
able to find a drug to make it work 
harder, so the body will burn off more 
calones rather than stonng them as fat 

It would raise body temperature 
continuously above the normal i e, 
37“ C. A person might be able to Jose 2 
kg a year with every one-tenth of a 
degree (about five one-hundredths of a 
degree C) Increase in body temperature 
according to the estimates made by the 
researcher Craig Warden of the Univer¬ 
sity of California, Davis However, lur- 
ther studies are to be taken to find out 
how much of a temperature increase 
people could safely withstand 

Scientists do not know as yet how 
people's bodies regulate their weight 
steering them toward a given weight de¬ 
spite dieting The cells of the body burn 
calories to get energy to do their jobs 
enabling our heart to beat, our legs to 
move, our thoughts to form and to gen¬ 
erate heat for body temperature 

It IS believed that the new found 
gene is an energy thief. It gives rise to 
a protein that steals some of the en¬ 
ergy the cells generate That means cells 
have to burn extra calories to make up 
for the low. 

If scientists can prod the gene into 
making more of this energy-stealing pro¬ 
tein, cells would have to burn still more 
calories 

Researchers already knew ol an¬ 
other gene that promotes energy LhclL, 
and drug companies are studying drugs 
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to make it more active. But that gene 
called ucp 1, is active only in brown fat, 
which IS sparse in adults 

In contrast, the newfound gene ucp2 
IS capable of working in every hurnan 
tissues especially ordinaiy white fat and 
muscle And its protein appears to be 
about 20 times more abundant in the 
body than the protein from ucp 1. 

Ancient American s were 
Caucasoids 

Skeletons unearthed in several western 
states and as far east as Minnesota in 
the USA are challenging the earliest 
Americans all resembled yesterday's 
Asians The skeletons’ skulls bear fea¬ 
tures similar to those of Euro Caucasoid 
people were among the earliest humans 
to migrate into the New World more 
than 9,000 years ago, 

Anthropologists have known of such 
bones for years, but did not fully ap¬ 
preciate their significance until reappear 
few months The new analyses were 
prompted by the discovery last sum¬ 
mer of the newest addition to the body 
complete skeleton of an "apparently 
Caucasoid" man who died about 9,300 
years ago near what is now Kenne 
"It's an exciting time, and I think 
we're going to see some real changes in 
the story about the peopling of North 
Stanford, an authority on early human 
history on this continent at the 
Smithsonian Institution's National 
Muset think we're going to see the whole 
complexion of North American prehis- 
toiy change real fast," 

D Gently Steele, an anthropologist 
at Texas A&M University, speculates 
that people of both races migrated into 


North America m separate waves, pos¬ 
sibly thousands of years apart, Where 
they met, he suspects, they "made love, 
not war," and thus both populations 
may be ancestral to some or all of 
today's American Indians. 

Until now, most anthropologists 
thought that the earliest humans to 
inhabit the Apiencas all resembled 
today's Asiatic peoples, popularly called 
Mongoloids Prehistoric Americans are 
thought to have migrated from Siberia 
into Alaska and then spread southward, 
probably during an ice age. 

Earth is 13 Billion Old 

According to measurements made from 
the Hubble space telescope orbiting the 
Earth, the universe is at least 13 bil¬ 
lion years old, This figure has been 
given by two British scientjst — Simon 
Goodwin and John Gribbin of Sussex 
University U.K, 

The debate about the age of the uni¬ 
verse have been continuing ever since 
the Big Bang theory for the origin of the 
universe was proposed The big bang 
theory postulated that the universe 
originated from a tiny point that ex¬ 
ploded into the vast expanse of galax¬ 
ies, stars and planets that exists today 
Measurements indicate that the explo¬ 
sion is still continuing, with the Earth 
and everything else still rushing away 
from this point. Physicists and astrono¬ 
mers believe that if they could measure 
the speed of this expansion, they could 
find out how long ago the big bang took 
place Estimates now range from 10 to 
15 billion years 

The paradpx is that more accurate 
measurements do exist for the age of 
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stars Some of the stars are at least 12 
billion years old These measurements 
of astronomers are based on the data 
collected by them through instruments 
located on the surface of the earth. 
Many of them have been found to be 
inaccurate because of the problems 
posed by peenng through the Earth’s 
atmosphere. 

The Hubble telescope has changed 
this scenario as it can gather data 
which IS not hindered by the earth's at¬ 
mosphere, According to Dr. Gnbbin, the 
Hubble data collected during 1996 have 
made it actually possible. His team had 
used a simple technique. How big a 
galaxy looks depends on how big it re¬ 
ally is and how far away it is Veiy ac¬ 
curate measurements of actual distance 
have been made using stars known as 
Cepheids, which brighten and fade in a 
regular rhythm. 

Gribbin’s group had calculated the 
average size of more than 3,000 galax¬ 
ies and determined that the Milky Way 
galaxy, of which the Earth iS a part, is 
pretty close to average, In fact, the num¬ 


ber of galaxy having close to the aver¬ 
age size has amazed scientists How 
fast the galaxies are moving is easy to 
measure using the distortion of light, 
known as a red shift, coming from dis¬ 
tant stars, The shift m the wavelength 
of light from a distant star depends on 
the speed it is moving away from the 
observer. This is known as the Hubble's 
law and is similai- to the Doppler effect 
on sound which causes the sound of a 
moving tram to nse and fall as it passes 
Using all these measurements, the 
team of scientists have calculated the 
Hubble constant" the key to the rate 
of expansion of the universe and thus 
of its age, The measurements have 
shown that the Hubble constant to be 
about 50 That would make the universe 
at the very least 13 billion years old 
Thirteen billion is really the lowest 
age estimated by the team led by Dr 
Gribbln Noting that the latest estimate 
of the oldest stars was 12 billion years 
old, it gives just enough time for the 
evolution of the other celestial objects 
that are present in the universe 






Book Review 


Careers in Science 


By-Dilip IVI Salvi, published by UBS Pub- 
lisheis' Dislnbulors Lid , New Delhi. 1996 
pp 116, Rs 75 

In Ihis contexL, the book ‘Careers m soi- 
cnee' by Dihp M Salvi will be hearhly 
wek'omed not only by the children who 
are at the threshold ol making a cru¬ 
cial decision which would set I he direc- 
lion ol Ihcir I'liLure course of action, but 
also by their parents who are equally 
worried about their childrens' future 
prospects In the present scenario when 
a seicnlisl Male codiscoverer of Hale- 
Bopp eomcl fame had declared in sheer 
despondency that science was unable 
to provide him a )ob, naturally evciy one 
remains sceptical about his or her de¬ 
cision lor opting a career m Science 

I lowevcr, this book in its lucid and 
comprehensive style tends to dispel this 
myth that science does not bring pres¬ 
tige Power or money Rather, it unfolds 
variegated fipld of job opportunities 
whi( h one can choose according to 
one's taste, inherent nature and eapa- 
biliLies 

The book is not a mere collection of 
careers in Science but provides ad¬ 
equate guidelines and lips for the read¬ 
ers U) carelully examine all aspects of 
each career, his own interests and men¬ 
ial iiuike-np and steps to arrive at a de¬ 


cision, The writer begins with a dis¬ 
cussion in detail on the distinct catego¬ 
ries m which careers offered by science 
can be divided In a very pragma! ic ap¬ 
proach the writer has described that 
how the knowledge of science when 
blended with almost any venture can 
make it a real success. 

But at the same Lime the writer 
minces no words in telling the fact that 
opting for science means harclwork and 
to a large extent abstinence from the 
leisures of college life yet it's a good 
bargain, for the hardwork done during 
the few years of student life gives a good 
haiwesL throughout the hie, 

After giving a glimpse ol all the pos¬ 
sibilities that science provides, the au¬ 
thor then stresses on knowing one's 
own nature This is the foremosl Lhing 
that one should do so that the opted 
career would sustain on's interest 
through out life This alone will be able 
to provide job satisfaction apart from 
other inherent advantages of that par¬ 
ticular career In the second chapter on 
careers that science offers the writer has 
dealt in detail with the possible careers 
best suited for different individuals - 
from loners to gregarious ones 

Once the choice for taking science 
has been made, the writer cautions ev- 
eiyone to be pragmatic m choosing a 
delinile career that science offers For, 
Ihe scene in the job market is fast 
changing and everyone must ensure his 
or her future prospects of the career 
opted For this, one has to keep oneself 
abreast with the national policies and 
trends, 

In the section on ‘Something else re¬ 
quired too,’ the writer brings the pro¬ 
spective eai'eer-section face to face with 
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ground level realities, Although, here he 
has tried to give a few illustrations 
which seem to be too simplistic, yet 
these would set ihe thinking process m 
correct prospective in the minds of all 
those who would always think twice 
before going for a career 

In the end the' writer has listed m 
Appendix I , Some frontiers in science 
and technology which ai'e fast opening 
not only in India but in other countries 
too. Like a ready reckoner, this could 
he of great help for all those who do 
not have access to other sources of in¬ 
formation. 

He has even given a list of popular 
magazines in Appendix-2 which cover 
various aspects in science and technol- 
'ogy so that one could acquaint .oneself 
with the latest in various fields In the 
end, a list on various professional bod¬ 
ies in India has been given so that any¬ 
one, if intended, could become its 


member and widen his interests The 
writer has giveh a list of further n-ad- 
ings, with a briel outline of each, so thal 
one can choose books of ones interest. 
In fact the variety ol information con¬ 
tained in appendices will not only be ol 
immense help for individuals but even 
for institutions 'offering these courses in 
science subjects 

The exhaustive manner in which 
the writer has dealt with the subject 
makes this book a must in all school 
libraries so that the young students 
in the absence of any proper guidance 
regarding career, as is the case with 
most of the schools, may at least con¬ 
sult this book 

Abiia Josni 
Principal 
Sarvodaya Girls School 
Lancer's Road, 
Delhi 110 054 





Numerical Problems in 
Chemistry 


By N.N Sann and R.N Sarin, Published by 
Sultan Chand & Sons, New Delhi, 1997 
(twenty-third edition), pp 962, Rs 120 


The assessment of pupil's performance 
IS an integral part of any teaching and 
learning process Examinations and 
tests should be made use of to bring 
about a qualitative improvement in edu¬ 
cation, specially science education The 
method of assessment of pupil’s perfor¬ 
mance should be a reliable and valid 
tool to measure the former’s develqp- 
ment and a powerful instrument' to 
bring about an improvement in the 
quality of teaching and learning In 
functional terms, this would mean that 
the method of assessment of pupil’s per¬ 
formance should be such as 

(i) to eliminate the excessive element of 

I 

chance and subjectivity , 

(ii) to discourage memorisation of sub¬ 
ject matter; 

(ii) to subject the pupil to continuous 
and comprehensive evaluation incor¬ 
porating- both scholastic and non¬ 
scholastic aspects of education ; and 
(iv) to ensure effective use of the evalua¬ 
tion process by teachers and pupils. 
These are some of the goals relevant 
both for external examinations and 
evaluation within educational institu¬ 
tions, 

One of the major weaknesses of the 
existing pattern of examinations is that 


they have almost become the mam goal 
of education rather than being a means 
for validating the educational process. 
The evaluation is mostly used for certi¬ 
fication, grading of students and for 
promotional purposes It is important 
to know the relationship that evalua¬ 
tion has with instructional objectives, 
content of education and instructional 
strategies 

The idea of objective - centred test¬ 
ing can be put into practice in the de¬ 
velopment of teaching - learning units 
which form the present instructional-. 
cum-evaluation material The material 
presented in this book may be taken as 
a sample material for the guidance of 
teachers and tutors of chemistry who, 
in turn, can develop similar material 
keeping in view their needs and re¬ 
sources The users of this material are 
advised that the various types of activi¬ 
ties and questions included in this book 
are only suggestive and not exhaustive 
Many more questions can be devised. 
It is only through actual tryout by the 
teachers in the class that they would 
be able to know the relevance and us¬ 
ability of the present textbook contain¬ 
ing numerical problems in chemistry in 
the actual classroom situation. 

In the present book on "Numencal 
Problems in Chemistry", the coverage of 
the subject matter is very vast Apart 
from the topics which are usually in¬ 
cluded in the subject of chemistry at 
the senior secondary level, numerical 
problems on topics such as measure¬ 
ment, significant figures and uncer¬ 
tainty in measurements, percentage 
composition, empirical and molecular 
formulae of inorganic compounds, laws 
of chemical combination,, vapour den- 
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sity and molecular weights of volatile 
substances and gases, equivalent 
weights, volumetric analysis, audiom- 
etiy and estimation of elements and 
determination of molecular weights and 
empirical and molecular formulae of 
organic compound have been included 
The inclusion of these topics will help 
greatly in developing the manipulative 
skills of the students Topics of special 
use to those students who are prepar¬ 
ing for premedical, pre-dental examina¬ 
tions conducted by various medical 
colleges and Joint entrance examina¬ 
tions for admission to engineering 
courses conducted by the IITs and other 
institutions are the problems on vapour 
density and molecular- weights of vola¬ 
tile substances, gas laws and kinetic 
theory of gases, atomic structure and 
nuclear reactions, chemical equations, 
gas analysis and estimation of elements 
and determination of molecular weights. 
Some of the problems included in these 
topics are indeed brain raking and make 
the students use their application skill 
to solve them 

Polymers and colloids ai'e such sub¬ 
stances which are used in our daily life 
in one or the other form Therefore, 
complete omission of problems on poly¬ 
mers and colloids, including the phe¬ 
nomenon of adsorption, which form a 
part of the syllabus in chemistry for the 
senior secondary stage, is not desirable 

In spite of utmost care by the au¬ 
thors, some mistakes, errors and omis¬ 
sions have crept into the book These 
discrepancies are mostly due to avoid¬ 
able editorial inadequacies. Some of the 
significant errors are as follows 
(i) Stops (.) have been put after the units 
^ e.g. g., ml., mm.' Moreover, there is no 


uniformity in writing the uniLs e.g 
mols, moles and M or volts.. Volts 
and V have been used al different 
places. 

(ii) Units have been expressed in plural 
at several places e g grams instead 
of g, mols , volts , atms 
(m) Abbreviations have been erroneously 
used at many places e.g vols. for vol¬ 
umes, anhyd for anahydrous, sod. 
for sodium, Q for quaternary. Am. for 
ammonium and ale for alcohol 

(iv) use of erroneous notations such as 
Zn (for an), MnO^, No^"', Cr 
Mn** etc at different places 

(v) Some words have been misspelled 
e.g. Hoffmann as Hoffman (in fact, 
both the spellings have been used), 
aqueous as aqueous as acqueous, 
beiyllium as berylium, zinc as zine 
The quality of printing is vei-y poor 

at many places as the print is almost 
illegible. Moreover, there is a consider¬ 
able variance ip the type-size through¬ 
out the book At some places, the type- 
size is broken and so small that the 
words are not discernible. 

On the whole, the book is very use¬ 
ful for the students intending to appear 
for the -h 2 examination in chemistry 
conducted by vanous boards of second¬ 
ary education, and also for those stu¬ 
dents who are preparing for pre-medi¬ 
cal and pre-engmeenng entrance tests, 
as it includes both solved and unsolved 
questions from IIT-JEE, Roorkee en¬ 
trance, CBSE and Maharashtra SS 
Board and problems from other sources 

K. M Pant 
Reader in Chemistry 
, DESM, NCERT 
New Delhi. 





SCIENCE RELATED VALUES 


Curiosity, quest for knowledge, objectivity, honesty and 
truthfulness, courage to question, systematic reasoning, 
acceptance after proof/verificatlon, open-mindedness, 
search for perfection and team spirit are some of the basic 
values related to science. The processes of science, which 
help in searching the truth about nature and its 
phenomena are characterised by these values. Science 
aims at explaining things and events. Therefore to learn 
and practise science : 

* Be inquisitive about things and events around you. 

* Have the courage to question beliefs and practices. 

* Ask ^what^ ^how' and Vhy^ and find your answers 
by critically observing, experimenting, consulting, 
discussing and reasoning. 

* Record honestly your observations and experi* 
mental results in your laboratory or outside it. 

* Repeat experiments carefully and systematically if 
required, but do not manipulate your results under 
any circumstance. 

* Be guided by facts, reasons and iogic. Do not be 
biased in one way or the other. 

* Aspire to make new discoveries and inventions by 
sustained and dedicated work. 
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R ecovery of metals has been an 
ancient trade and the toxic ef- 
_ fects of the metals, particularly 


lead and mercury were not unlcnown to 
our ancestors But a phenomenal in¬ 
crease m industrialisation, urbani¬ 
sation, increase in vehicular traffic and 
the use of fertilizers and pesticides in 
agriculture have resulted in increased 
contamination of our environment by 
metals, The impact of metal pollution 
on human health and its global signifi¬ 
cance have thus become a major issue 
of public concern m the last few de¬ 
cades. One of the glaring instances ol 
poisoning, due to metal-mercury in I his 
case, has been the "Mianmata Disaster" 
in Japan, where thousands of people m 
Mianmata, a fishing village m Japan, 
were affected in Ihe '50s, due to mer- | 
cuiy poisoning Ironi a chemical planl 
which discharged its mercury contain¬ 
ing residue into the Mianmata Bay. A 
similar tragic instance that faces'India 
today, is Lhe poisoning ol waler due lo 
arsenic (a metalloid) in certain dislncis 
of West Bengal. 

To give an idea of this problem, we 
shall discuss here, in some detail, the 
issue of environmental polliilion due Lo 
four of the most polluting elements— 
cadmium, lead mercury and arsenic In 
the previous issue of the Journal wc 
have given an overview of the poJliilion 
due to these four elements, and in Ihc 
forthcoming issue, we shall discuss 
briefly, the efforts being taken Lo re¬ 
move these from the environment - 

Cadmium 

Cadmium is regarded as one of the 
highly toxic elements in the environ¬ 
ment. The natural sources of cad¬ 
mium are volcanic activity, ocean 
spray and forest fire However, emis¬ 
sion of cadmium Lo the atmosphere 







from anthropogenic sources exceeds 
those from natural sources Non fer¬ 
rous metal mines, smelters and refin¬ 
eries, coal combustion, reluse Incin¬ 
eration, Iron and'steel industry and 
phosphate fertilisers are the main 
sources of cadmium to the environ¬ 
ment due to human activities. Ciga¬ 
rette smoking contributes significantly 
to cadmium intake and tobacco con¬ 
taining cadmium is present as a linely 
dispersed aerosol* in cigarette smoke 
Chemically, cadmium being very simi¬ 
lar to zinc, these two metals frequently 
undergo geochemical processes to¬ 
gether Also since cadmium in native 
state occurs in association with zinc 
minerals, growing plants which require 
zinc, take up cadmium along with zinc. 
Food is, therefore, the main route by 
which cadmium enters the human 
body Sea food and organ meat gen¬ 
erally have high levels of cadmium, but 
majority of cadmium In the diet usually 
comes from potatoes, wheat, rice and 
other grains. Since cadmium uptake by 
plants Increases with decrease in pH. 
therefore, acidic soils help increase cad¬ 
mium level in food. 

Although Cd^^ IS rather soluble in 
water, human beings usually receive 
only a small proportion ol cadmium 
from drinking water (or directly from 
air) Exception occurs, however, for in¬ 
dividuals who live near mines and 
smelters, particularly the ones that pro- 


* aerosols aie colloidal sysleins in which liq¬ 
uid, or somelimes solid parlicles with a di¬ 
ameter measuring about lOhnmto 10*’mm 
are disinbuleci in a gas phase (such as air) 
Such two-phase distributions can be arlili- 
dally produced by aerosol products. 
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cess zinc Tobacco smoking and occu¬ 
pational exposure (specially mining and 
electroplating) increase the risk ol cad 
mium intake by human beings (1), 
Smokers are also exposed Lo oadniniin 
that IS absorbed by tobacco leaves fiom 
irrigation water (2) 

In India, the maximum detected 
level of cadmium in air has been re¬ 
ported in West Bengal: m water in 
Kerala and Andhra Pradesh, and in loocl 
in Punjab and Haiyana II has been ob¬ 
served that more than 50% of the soil 
samples from Punjab and Haryana arc 
sandy with low m organic matter, low 
in pH and deficient in zinc, condilions 
favourable to promote cadmium uptake 
by plants. Sea water from Bhavnagar in 
Gujarat, used lor preparation ol salt is 
also found to contain caclmmm more 
than the recommended permissible 
limit (3). 

Toxic Effects of Cadmium 

The effect of ai'uLe cadmium poisoning 
in humans are veiy serious, 11 is a cn- 
mulahve poison, since, it is not elimi¬ 
nated cjuickly — ils hie time in the body 
being several decades (4) Toxic cllccts 
mainly include high blood pressnie, 
kidney damage and desliuctum ol iccl 
blood cells It is believed llial much of 
the physiological action ol eadiimiin 
arises from its ohcraieal -similauly to 
zinc. Thus, cadmium may replace zinc 
in some enzymes and thereby-may al¬ 
ter the sLereostrueture of the enzyme 
and Impair its ratalytlc activity (5) 

Historically, all serious episodes of 
cadmium contamination have resiillcd 
from pollution from the nonlcrrous 
mining and smelling inclustncs. The 
most alarming of these being llio one 
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that occurred in the Jintsu river valley 
in Japan where people contracted a 
bone disease called "itai Itai" (in Japa¬ 
nese) In this disease, some of the Ca^+ 
in Ihe bone apparently gets replaced by 
Cd^^, since both Ca^'" and Cd“* share 
same charge and virtually same size*. 
The bones gradually become porous, 
leading to fracture and collapse (6). 

Mercury 

Mercury has long been part of our en¬ 
vironment, it existed long before any 
industrial development, and over ihe 
millennia living beings have developed 
tolerance to the small doses of natural 
mercury Mercury is present in earth's 
crust, but the major sources of natu¬ 
ral mercuiy are the natural "degassing" 
(evaporation) of the earth's crust 
through volcanic gases and the evapo¬ 
ration from oceans. Mercury exists in 
the environment as the metal, as inor¬ 
ganic salts and as organic methyl mer¬ 
cuiy Mercury is found as a trace com¬ 
ponent in many minerals, fossil fuels 
coal and lignite — a matter of some 
concern — because of increased use of 
these fuels as energy sources. Mercuiy 
IS leached from soils (some of this mer¬ 
cuiy being accumulated by human ac¬ 
tivities as well), into water systems by 
natural processes Depending on the 
species, plants also accumulate mer¬ 
cuiy through three routes: from the soil 
through their roots, from the atmo¬ 
sphere through the stomata and by re¬ 
tention of particulate mercury (7). 
Though India does not have an indig¬ 
enous production of mercury, but be- 

• Ionic radiu.s of calcium Is 100 pm and that 
ol Cd“+ Ls 95 pm 


cause of the toxicity and polluting na¬ 
ture of mercury, India shares with the' 
rest of the world, great concern for mer¬ 
cury as a heavy metal pollutant (8). 

In recent years, it has been estab¬ 
lished that flooding of vegetated areas 
can release mercury into water, Dim¬ 
ethyl mercury, HglCHJ^ results from 
cpntact of soil bound Hg“* with anaero¬ 
bic bacteria produced by the decompo¬ 
sition of immersed organic matter. In 
this way, previously insoluble Inorganic 
mercury gels converted to a volatile 
dimethyl mercury. The less volatile 
CHyHgX (X=C1, OH), often coljectively 
known as "methyl mercury" are formed 
in a similar way, only more readily than 
dimethyl mercury An acidic medium 
promotes the conversion ol dimethyl 
mercury to methyl mercury This is a 
more potent toxin than dimethyl mer¬ 
cury or elemental mercury, because it 
IS soluble in fatly tissues in animals 
and therefore, bioaccumulates* and 
biomagnifies* there Most ol the mer¬ 
cuiy present in ihe human body is in 
the form of methyl mercury and most 
of it originaies from fish in our food 
supply The half life period of methyl 
mercuiy in human beings is about sev¬ 
enty days Consequently methyl mer¬ 
cury can accumulate In the body, even 
if, on a daily basis, a person consumes 
doses which individually would not be 
harmlul. Many of the well published en¬ 
vironmental problems involving mer¬ 
cuiy have arisen in connection with the 
fact that in the methylated form, it is 
a cumulative poison (9) 

* The loxin can be taken up by living or¬ 
ganisms .So Ihai progressively thioiigh 
predalorS', It mp-gnifies (o levels greater 
than (be levels found in the environment. 
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Plants I and soils have also been 
lound to dischai’ge gaseous elemental 
mercuiy al rales signilicanl enough to 
alfcct Ihc amount of this pollutant in 
.air. Plant physiologists have shown that 
plants take up mercury and release it 
through transpirat'ion, in a inanner 
similar to the way methane moves from 
soil through rice plants (10) The phe¬ 
nomenon has been observed with 
aquatic plants growing in merruiy con¬ 
taminated sediments, but it was never 
suspected m terrestrial plants growing 
in basically clear soils. It has heen ob- 
sei-vcd that even soils that have not 
been directly affected by an industrial 
spill, and agricultural soils are also 
strong emitters of mercuiy vapours. The 
notion that mercury is re-emitlcd to the 
air from the earth's surface is not new, 
sinc'e the volatility of mercuiy is a well 
established lact. However, these find¬ 
ings suggest that natural processes 
may have a stronger effect on the 
amount of mercury that gets into the 
atmosphere than previously thought 
and not all the mercuiy that gels into 
the atmosphere is necessarily coming 
irom human activities. It is lound that 
a lorm of water soluble divalent gaseous 
mercury compound (a gas also identi¬ 
fied in stack gases and from industrial 
sources) make upto 1 to 5% of the mer¬ 
cury in ambient air 

The discovery of natural emission ol 
mercury Irom soils and plants suggests 
tliiiL managing picrcuiy emission to the 
environment may differ from other pol¬ 
lution, since unlike the other pollut¬ 
ants, reduction of mercury emission 
due to anthropogenic reasons may not 
be Ihe solution for removing this pol¬ 
luting agent from the environment 
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Measured gas phase emission ol mer- 
cuiy has been estimated to 100 nano¬ 
gram/square melre/hour over a lore.sl 
canopy and upto 75 nanogram/square 
metre/hour over soils These amounts 
are low in comparison with Iho.se I'roiii 
industrial sources, but the dillercnee is 
that, lor every coal fired jiower plant, 
there .may be thousands o[ square 
kilometres of forested area.s (11) 

The anthropogenic sources ol almo- 
sphenc mercury have me reased sub¬ 
stantially in the 20th century and now 
match with the input Irom volcanoes — 
formerly the predominant source ol air¬ 
borne mercury However, the principal 
use of mercury has undergone great 
changes in recent decades A1 the turn 
ol the century, the mam uses ol the 
metal were in the recoveiy ol gold and 
silver — uses which have essentially 
disappeared, 'Applications in agnrul- 
ture, pharmaceuticals and genci-al labo¬ 
ratory practices have also declined in 
the last twenty years, whereas applica¬ 
tions in elec'tncal apparatus, 
ehloroalkali plants and dental filling 
have increased. Taken individually, 
each of these may not contribute much 
to the toxic metal in the environment, 
but their total effect can be substantial. 
The most signilieant anthropogenic ac¬ 
tivity ol all, that gives rise to emission 
ol mercuiy to the environmcnl is, Inirn- 
ing ol fossil fuels and industrial pro¬ 
cesses (12). 

In India since most ol Ihe thermal 
power plants use pulvensecl coal, this 
may cause a ihajor threat to the envi¬ 
ronment as far as mercury pollution i.s 
concerned Not only is the mm-euiy con¬ 
tent of coal in India higher Lhan that 
ol coal used elsewhere in the world, but 
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Lhc coal used being of lower grade, the 1 
consumption ol' coal per unit ol' power • 
production in India is also high It is ; 
thus predicted that mercury emission ; 
lor each unit of power generated in In- ; 
dia IS also high Because vapour pres- : 
sure ol'mercury is very high, and due I 
(o the high combustion temperature, 
even with the most effectively controlled ; 
Ily ash control ,systems, a major frac- ; 
lion of mercury is si ill emitted to the ; 
alniosphcre, which condenses on dust 
parlicltcs. To study this and related phe¬ 
nomena, (he National Environmental ■’ 
Engineering Research Insiitute (NEERl 
at Nagpur), had recently conducted an ; 
ecological suiwey of the cUslnbulion of ' 
mercury in air, soil and vegetation, I 
around the Kobra thermal power sta¬ 
tion in centra] India. One of the obser- • 
vat ions of this survey was that a • 
slightly higher level of mercuiy is ob- ; 
served in winter on soil, may be due to ; 
increased fuel combustion, and poor 
dispersion of poilulants in the winLcr 
evcnings. In summer, mercury levels • 
are slightly lower, because mercury ; 
evaporates more into the atmosphere • 
due to higher temperatures The .sun'ey ; 
obseiwed that the level of mercuiy in air I 
IS minimum m post monsoon periods . 
may be due to a wa-shout of poilulants • 
from the system The survey also found ; 
that as one goes down below fhe sur- ; 
face, fhe subsoil mercury levels dc-' ; 
crease m comparison to the Lop soil ! 
mercuiy (13). i 1 

Toxicity of Mercury 

Elemcn(al mercury is fairly inert and 
not toxic and if swallowed, it is excreted ; 
without serious damage. However, since I 
nuTCLuy has a high vapour press^iire, it 


m 

is volatile and il inhaled enlcrs the 
brain ihrough the blood stream. I’his 
can lead Lo severe damage ol the c'cn- 
tral nenmus sysLem. Hence, nuTcuiv 
should be handled only m well vcnli- 
lated areas and if spilt, .should be 
cleaned up as ciuickly as possible Hgp* 
(mercurous ion) forms an insolulile 
chloride with Cl' and smc-c our stom¬ 
ach contains fairly high conceniration 
ol C1‘, Hg,/' is not toxic Hg“' (mercuric 
ion), however, is lairly toxic liccansc ol 
its high alfinity to sulphio tUonis 11 
easily attachs itself to sulphur Conlaoi- 
ing amino acids ol proteins Hg-' also 
lorms bonds with haemoglobin and se¬ 
rum albumin, both of whidh contain 
sulphydiyl groups Hg“' docs not, liow- 
ever, travel across biological membranes 
and so it has no access to biological 
cells (14). The most toxic .species arc the 
organomcrcunc compounds parlicularly 
methyl mercuiy CH^Hg' because il Is 
soluble in fatty tissues m animals,and 
therefore, and it bioaccunuilatcs and 
bioniagnifies there. Once ingcslcd 
CHjHgX interacLvS with Ihe sulphur con- 
laming ammo acids In some of Ihcsc 
forms if is soluble in biological tissues 
and can cross both the blood brain bar¬ 
rier and the human placental barrici, 
presenting a two-fold hazard (1.5) The 
covalent Hg-C bond m these com- 
ponncls is not easily disrupted and llic 
alkyl mercury is relame'd in cells lur 
prolonged periods ol tunc. The allaih- 
ment of mei-cuiy to cell nicnilirancs 
may inhibit active transport of sugar 
across the membrane while allowing (he 
passage of potassium across the inc'in- 
brane. In case ol brain cells, this results 
in energy deficiency in the cell and dis- 
ordens in the transmission ol ncivc mi- 






pulses Thus, babies born of mothers 
exposed to methyl mercury poisoning 
suffer an irreversible damage to the 
central nei-vous system (16). In addition 
to the direct toxicity of alkylmercuiy 
compounds, their slow decomposition 
to inorganic Hg (II) ion may lead to sec¬ 
ondary toxic effects as well 

Lead 

Lead is considered to be one of the se¬ 
vere environmental contaminants to 
arise in human civilization Lead is a 
natural constituent of the earth’s crust 
and occurs naturally in plants In the 
environment lead exists almost entirely 
in the inorganic form. Lead bearing 
limestone and galena (Pbs) contribute 
lead to natural water in some locations 
The zawar deposit m Rajasthan is the 
only source of lead in India (17) 

Lead is a trace element and is 
present less than 0 1% by weight in 
rocks and soil's. But soil is a sink for 
anthropogenic lead and this has helped 
in le^ accumulation in the environ¬ 
ment as a result of widespread use of 
lead by humans. Mining, smelting ac¬ 
tivities, sewage sludge usage in agricul¬ 
ture, and above all gases discharged by 
automobile exhausts are some of the 
well recognised sources of anthropo¬ 
genic lead in the environment Lead is 
"particle active" which results in effec¬ 
tive scavenging of , lead by particles in 
many lead emissions and environmen¬ 
tal cyclic,processes. This accounts for 
the effective tremsport of lead in par¬ 
ticulate phases and Its accumulation in 
many environmental materials e g. ter¬ 
restrial urban soils, estuaries and near 
shore sediments (18). However, there is 
a general agreement that only a small 


SCHOOL SEPTEMDER 
SCIENCE 19 9 7 

proportion of lead in soil is available lor 
uptake by plants, although there is 
little evidence that lead is readily lost 
from soil profiles by leaching. Lead has 
a long life time in the atmosphere com¬ 
pared with most pollutants Lead and 
its compounds accumulated m soils 
and sediments are found to be ol low 
solubility They also have relative free¬ 
dom from microbial degradation and 
remain accessible to the food chain and 
to human metabolism lor a long time 
in future The life time of lead in soil is 
so long that it can be regarded as per¬ 
manent component in soils Fortu¬ 
nately, alongwith low solubility and mo¬ 
bility, the bioavailability oi lead is also 
low (19) 

Food is the major source of lead in¬ 
take for most people. Most lead enters 
ailicles of food during storage and pro¬ 
cessing e.g, canning, brewing etc. Acidic 
media and high temperature facilitates 
leaching of lead from glazed pottery sold 
in North India (Though not a food item, 
but "surma" used predominantly in In¬ 
dia also has a high lead content). 

A major source of lead in the envi¬ 
ronment IS petrol, as tetraethyl lead is 
added to petrol to prevent spontaneous 
premature combustion of the luel mix¬ 
ture and knocking. The efiectiveness of 
tetraethyl lead as an antiknocking 
agent relies on its ability to get easily 
oxidised to lead oxide. The lead oxide 
so produced enters the human body 
through inhalation and skin contact. 
Tetraethyl lead is also readily absorbed 
through the skin, the amount so ab¬ 
sorbed increases,with area of skin in¬ 
volved However, the possibility of hu- 
. man contact with leaded petrol other 
than through occupational exposure is 
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shghl The link between lead and petrol, ‘ 
and lead in humans is well established, 
Children living near busy streets have 
been measured to have lead levels in 
their blood around 300 microgram/ 
litre, while those living m rural areas 
with low traffic density have lead of 
ai'ound 150 microgram/litre, or even 
less Studies have also shown links be¬ 
tween amounts oJ lead present in 
breast milk and the density of traffic at 
the place where the mothers live (20) 
Lead from automobile exhausts and 
from industries accumulate in the lorm 
of dust; while a significant proportion 
of fuel lost by evaporation from the luel 
tank and carburetter of vehicles add 
lead to the atmosphere as well In ad¬ 
dition, there is considerable loss of 
unburnt fuel from two-stroke engines of 
mopeds, motorcycles and scooters 
Lead is utilised in lead acid batter¬ 
ies and in yellow lead chromate used in 
road markings Air bound lead oxide 
from many of the above sources even¬ 
tually settles in soil, water, fruits or 
leafy vegetables and thereby enters the 
food chain. Microorganisms do 
bioaccumulalc lead, but in contrast to 
mercury, lead does not undergo 
biomagnilication in the lood chain 
Also, in contrast to mercuiy, lead does 
noi generally become an environmental 
problem, until it is in the ionic form 
On an average, roads In Indian cit¬ 
ies have been found to contain 2 gram 
of lead/kilogram of dust, with levels be¬ 
ing alarmingly high m Calcutta, Delhi 
and Mumbai (Table 1 ) According to 
estimates prepared by the National En¬ 
vironmental Engineering Research In¬ 
stitute (NEERI, Nagpur) the amount of 
lead m air by 2000 A D. is expected to 


be 103, 91 and 50 metric tonnes iii 
Delhi, Mumbai and Calcutta respec¬ 
tively (21) Am analysis of lead content 
in water bodies and in lood items have 
shown that. West Bengal leads in lead 
content in water, while food samples 
tested from West Bengal, Orissa and 
Himachal Pradesh have tested to con¬ 
tain traces of lead (22) To help reduce 
air pollution due to lead, the Govern¬ 
ment of India has decided that cai's that 
are being produccd/marketcd to the 
lour metropolitan cities of Calcutta, 
Mumbai. Delhi and Chennai, will 
hencclorth noi be allowed to have en¬ 
gines (hat use ordinaiy leaded petrol, 
The new cars lor these cities arc being 
lilted with special catalytic coiwerlors 
which also converts other poiinlants 
omanaLing Irom vehicular exhaust 
pipes, viz carbon monoxide, byclrocar- 
bons and oxides ol nitrogen to (non pol¬ 
luting) carbon dioxide, walei and niiro- 
gen (23) Since Isl April 1995, unleaded 
petrol (meant for (he new cars) is be¬ 
ing sold in these lour cities and atso m 
some other selected eities ol India 

Taulb: 1 

Level of lead in Calcutta, Delhi and 

Mumbai 


CUij 

ppm 


Calcutta 

10 16 

Wl 10 slandaid 

Delhi 

02 H 

IS □ ,3 ppm 

Mumbai 

0,2 18 



Source , Chemical Indusliy News April 
(1993) 530, 

Lead has been a constiluent ol ,sol- 
denng material and some pipe lonmi- 
lations, so that household water may 
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have some contact with lead, Although ^ 
lead IS partially removed from most - 
conventional water treatment process 
and hence concentration of lead in 
treated water is low, but because of lead 
used in plumbing, water that has re¬ 
mained m household plumbing for 
sometime, may accumulate perceptible 
levels of lead (alongwith zinc, cadmium, 
copper). Thus lap water should be al¬ 
lowed to run lor a while belore being 
used However, due to a general de¬ 
crease in the use of lead in plumbing, 
except m isolated cases, lead probably 
IS no longer a major problem In drink¬ 
ing water. 

Toxicity of Lead 

Most ingested lead in humans is ini- 
lially present in Ihe blood, but this 
amount eventually roaches a plalcau 
and the excess amount then enters the 
soft tissues including vital oigan.s, par- 
Liculaily the brain Eventually the lead 
becomes deposited in bones, where it 
rcplaees calcium, because Pb^' and 
are similar in size* Lead adsorption by 
the body increases in persons who have 
calcium deficiency and is higher in chil¬ 
dren than in adults. Lead remains in 
human l^odie-s for several years The 
dissolving of bones as occurs in old age 
or illness, results in remobilising of 
bone-stored lead, back into the blood 
stream where it can produce toxic ef- 
lecLs 

Biochemically, lead intcrlcrcs with 
the creation ol haemoglobin by mle.rk’r- 
ing with the enzymes involved in the 
process At high levels, anaemia can 


+ ionic radius ol lead is 119 pm and lhal 
ot calcium 100 pm 


occur due to lack of this oxygen carry¬ 
ing component in the blood High lead 
level also produces kidney mipairmciil 
and causes permanent brain damage 
The human group most at risk (Irom 
high levels ol Pb-') arc (’hildreii under 
seven years and fetuses, since lead 
readily crosses the placenta and is 
passed irom mother to the unborn 
child 

On an atom to attim basis, though 
lead IS not as dangerous as mcrcinv, 
however, the general population is ex¬ 
posed to lead from a greater variidy ol 
sources, and generally at levels liiglier 
than those associated with mercury 
Overall, more people are adversely al- 
fcctccl by lead, though on Ihe average, 
to a lesser extent, than those fewer in¬ 
dividuals exposed lo mcnmi y (24) 

. Arsenic 

. Arsenic occurs naturally as a sulphide 
associated with sulphides ol .silver lead, 

1 copper, nickel, antimony, chronmiiii 

• and ii'on. Five per cent of the arsenic 
present in the atmosphere is in particu- 

; late form'and originales due to the low 
: temperature volatilisation ol arsenic 
Irom soils by micro orgaiiisms Volca¬ 
noes are the ncxi most important nalu- 

• ral source ot arsenic Although arsi'iiic 
; and its compounds are well known loi 
; their toxic properties, but lorlunulcly 
; the species that arc most commonly 
! lound in soils arc not the inosl toxic 

'■ However, arsenic is cousiderc-d as one 

• of the worst water pollulants. The ii])- 
; take of arsenic by many terrestrial 

• plants IS not very high, even on soils 
■ which have a relatively high arsenic 
! concentration Therefore, plants do nol 
- usually contain dangerous levels ol ai- 
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seme and only small background levels 
of arsenic is found in certain food 
items, Soils have been generally less 
badly affected by arsenic build up than 
aquatic sediments, and this lack of long 
term building up of arsenic in soils has 
been explained as due to the formation 
of volatile arsenic compounds by micro¬ 
organisms and by leaching (25) 

Drinking water, especially ground 
water is a major source of arsenic for 
most people, as has been found in West 
Bengal. Malda, Murshidabad, 
Burdhaman, Nadia, Hughli, 24 
Parganas have been considered as the 
most affected region of the world, as far 
as arsenic contamination Is concerned, 
the districts of Howrah and Medimpur 
may also be affected. In these six dis¬ 
tricts, covering an area of 34,000 
square kilometres with a population of 
30 million, arsenic in ground water has 
been found to exceed the WHO limit of 
0.005 milligram/litre. The conventional 
wisdom is that the source of arsenic is 
geological, experts however differ with 
this view as well (26). According to one 
school of thought, maximum withdrawl 
of ground water is causing arsenic con¬ 
tamination According to this theory, 
poisoning started thirty years ago, when 
wells were sunk in rocks in the flood 
plains of the river Ganga, to irrigate 
new strains of rice during the dry sea¬ 
son They were unaware of the fact that 
the underground strata contained ar¬ 
senic Historically, the villages used 
surface water But the new tube wells, 
which tap water from 150 metres or 
more below ground, provided abundant 
water to irrigai e high yielding varieties 
of nee, that have revolutionised rice 
crops each year Unfortunately, this 


0 

economic gain has come at a tragic hu- 1 
man cost. Studies related to these al- 
fected villages have found scams of iron 
pyrites containing arsenic, which may 
be contaminating the wells, Poisoning 
probably onsets as soon as pumping 
starts, growing worse as over pumping 
lowers the water table in ihe rocks As 
the water level falls, the arsenic hear¬ 
ing sulphide rocks di'y oul. Oxygen pen¬ 
etrates the rocks, oxidising ihe. sulphide 
mineral. This in turn sets free ihe ar¬ 
senic to be dissolved in the ground wa¬ 
ter. Wells which go below about 200 
metres are usually arsenic irec, at least 
until the water table falls liuLher and 
oxygen reaches lower depths (27) Sci¬ 
entists of the Tropical School oi Medi¬ 
cine, Calcutta, were the first to identify 
this widespread poisoning Sludie.s 
which are continuing, however, show 
that there may be other reasons as well 
A study by .the scientists of Ihe 
Jadavpur University in Calculi a. on 
20,000 tubewells of 560 villagc.s ol 
these 6 districts has shown that more 
than half of these tubewells showed 
water samples which conlain 0.05 nnl- 
ligram/htre of arsenic, and in ('Cilaiii 
cases, the concentralion i.s aboul 20 lo 
30 times more than what is logardod 
safe (28). 

As far as anthropogenic source ol 
arsenic is concerned, smelting of c-op- 
per is the largest single in]:)uL, repre- 
seniing about 40% of the anthropogenic 
total Coal combustion is the next most 
significant source, which accounl.s lor 
about 20% ol the total anthropogenic 
arsenic. Much of the arsenic inLrocluct'd 
into the atmosphere in ibis way ulti¬ 
mately reaches natural water Arsenit' 
produced as a by-product ol copper, sil- 




ver, lead refining greatly exceeds the 
commercial demand of arsenic and this 
accumulates as waste material (29). 
Due to similarity in properties, arsenic 
compounds coexist with those of phos¬ 
phorous in nature, thus contaminating 
phosphate deposits and commercial 
phosphates (30). 

Toxicity of Arsenic 

The toxicity of arsenic depends on its 
chemical and physical form, the route 
by which it enters the body, the dose 
and the duration of exposures (31). In 
fact, arsenic in minute quantities may 
even be an essential nutrient for living 
beings. Also arsenic Iby itself is I'arely 
directly lethal, except when deliberately 
administered or ingested in amounts 
greater than 100 milligrams, However, 
arsenic poisoning is cumulative, with 
tiny amounts of arsenic building up in 
the bodies of the victims for many 
years, until physical symptoms emerge. 
Also, chronic poisoning leading eventu¬ 
ally to deaths may also be frequent (32) 
The toxic activity of arsenic depends on 
its molecular form with mechanism of 
toxicity differing with the valence state 
of arsenic. Most organic arsenic com¬ 
pounds are substantially less toxic than 
the inorganic form — As (III) being more 
toxic than As (V), This is because. As 
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(HI) can be retained in the body for 
longer time, because of its ability to be 
bound to sulphydryl (-SH) groups of 
enzymes, thereby inhibiting enzyme ac¬ 
tion (33). As (III) compounds in high 
concentration form complexes with en¬ 
zymes, they also coagulate proteins, 
possibly by attacking the sulphur 
bonds The toxic mechanism of As (V) 
is less well understood than that of As 
(III). By virtue of its chemical similarity 
to phosphorous, arsenic interferes with 
some biochemical processes involving 
phosphorous (34). 

In the initial stages, arsenic poison-' 
ing leads to .chronic conjunctivitis, 
bronchitis and gastro enteretiUs. It 
eventually results in acute liver damage 
and gangrene. Ai'senic is also known to 
be carcenogenic to humans, leading to 
lung cancer, skin and liver cancer, 
There Is evidence that smoking and si¬ 
multaneous exposure to environmental 
arsenic act synergesticaliy* m causing 
lung cancer. Its lethal effect when con¬ 
sumed in an acute dose is clue to gas¬ 
trointestinal damages resulting in se¬ 
vere vomitting and diarrhoea (35) 


* i.e. Ihelr,eirccts taken together is greater 
than what the sum of their mdlvidiml ot- 
fects would be, if each acted independtjnlly. 
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he great explorer, Ferdinand 
Magellan, took nearly a hun¬ 
dred days to sail across the 
vast Pacific Ocean Today, it is rou¬ 
tinely criss crossed by modern pas¬ 
senger jet aircraft in a matter of 
hours The jet engine (a\rcraft gas lui - 


bine) has given an enormous impetus 
to the movement of people across 
countries and-continents Millions ol 
passengers are moved every year by 
jet planes and families separated by 
half a world do not feel cut off Irom 
each other since they know that they 
are within a few hours of travel. The 
jet engine is one of the powerful lorces 
that are inexorably drawing the global 
community together. 

But strangely, such a revolutionary 
invention had to suffer an enormous 
amount of delay and obstruction m its 
development before it took olf (literally) 
The two men who were most respon¬ 
sible lor its initial development belonged 
to opposing nations locked in a bitter 
war, were unaware of each other's work, 
but proceeded on remarkably similar 
lines and met very similar Icinds of ob¬ 
structions. They were Frank Whittle 
(later Sir Frank) of Britain and Hans 
von Chain of Germany, Their siory 
proves that even in this age of Science 
and Technology, psychological resis¬ 
tance to change and innovation is no 
weaker than in the centuries pasi. 

The concept of the jet engine wa,s. 
paradoxically, quite well known and un¬ 
derstood long before if reached fruiiion 
Steam turbines have been used for elec¬ 
tric power generation and marine pro¬ 
pulsion for nearly a cenluiy now. Hence 
it was logical to anticipate the gas tui- 
bine as the next step. However, the ma¬ 
terials to withstand the high tempera¬ 
tures and stresses encountered in llie 
gas turbine were not availabk' until I he 
1930's and aerodynamics ol the gas 
How through (he blades was not well 
undcrslood Bui even when these tech¬ 
nical obsiaclcs were suflicicnlly over- 
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come, bureaucratic resistance to the 
idea proved to be an even greater hurdle 
In both Britain and Germany 

Frank Whittle wag born in 1907 in 
Coventry, U.K, t:he son of a small ma¬ 
chine shop owner. Even as a child he 
■ had an obsessive interest in aeroplanes 
and never thought of any career outside 
aviation. Poor physical build and health 
were his handicaps, but by persistent 
effort he got into the Royal Air Force 
' (RAF) at the age of sixteen At 19, he 
was selected to attend the RAF College 
at Cranwell. There he mastered the ba¬ 
sics of the science of aviation and also 
became an expert pilot In his final year 
in 1928, he wrote a thesis on "Future 
■Developments in Aircraft Design" out¬ 
lining the pnnciple of what we now call 
the Turboprop engine, in which a pro¬ 
peller IS dnven bya gas turbine. There¬ 
after, the idea never left his mind. 

Basically, the jet engine consists of 
a compressor, a combustion chamber 
and a turbine (see figure given below). 
The compressor, (A), spinning at a very 
high speed, draws in air, compresses it 
and feeds it to the combustion cham¬ 
ber (B) where the fuel Is injected and 
burnt. The hot gas flowing out from the 
combustion . chamber is expanded 


through a turbine, (C) producing power. 
The turbine is mechanically coupled to 
the compressor and drives it. Tlie gas 
leaving the turbine flows with a high ve¬ 
locity through a nozzle (D) into the at¬ 
mosphere The reaction to this gas flow 
propels the aircraft in the forward direc¬ 
tion As it has no reciprocating parts the 
gas turbine is very smooth in operation 
Since it spins at very high speeds it pro¬ 
duces a tremendous thrust for a tight 
engine weight, With its introduction air¬ 
craft speeds almost doubled over night. 

But with all its advantages, the jet 
engine had to face tremendous ob¬ 
stacles in its development The basic 
cause was the conservatism of the hu¬ 
man mind, which gets multiplied several 
fold in the case of Government bureau¬ 
crats ' The British Air Ministiy rejected 
Whittle’s idea as "unworkable" His 
patent on the engine lapsed in 1935 for 
want of a paltiy sum of money. But the 
persevering Whittle and" a few intimate 
friends who shared his enthusiasm 
founded a private company named 
Power Jets to develop the idea In 1937 
the first prototype engine was tested. 
The racket that it made frightened even 
its creator but also elated him by Its 
successful operation. 


Air Inlet 



Fig. Scli^ematic layout of a jet engine 
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The outbreak of the Second World 
War In September 1939 lent urgency to 
Whittle’s efforts He worked himself into 
a state of near nervous and physical 
collapse. In May 1941, Gloster Meteor, 
the plane fitted with Whittle's engine,' 
was successfully test flown, 

Meanwhile, strangely, an almost 
parallel development was taking place 
in Germany, with both sides being com¬ 
pletely unaware of what the other was 
doing Hans von Oham was a brilliant 
young post graduate student of phys¬ 
ics at the renowned University of 
Goettingen In 1934, he too became in¬ 
terested in the possibiiity of the aircraft 
gas turbine The model he constructed 
however failed. But he had a sympa¬ 
thetic professor who strongly recom¬ 
mended him to Ernst Heinkel, the 
famed aircraft manufacturer. Heinkel 
employed von Chain in 1936 and al¬ 
lowed him to work on his idea — but 
in total secrecy. The secrecy was nec¬ 
essary partly to protect it from competi¬ 
tors, but even more importantly from 
government officials, who Heinkel 
^ feared would kill the project in its in¬ 
fancy. Later-events were to prove that 
his apprehension was fully justified. 

In the initial stages however, von 
Chain was luckier than Whittle 
Though he started some years later' 
than Whittle, the support of Heinkel 
made all the difference, By early 1939, 
Cham could demonstrate his engine 
successfully. Hitler was shown the en¬ 
gine, but was not impressed. Even the 
first flight of a jet'plane, built around 
this engine, in August 1939, (a full 21 
months earlier than Whittle's model 1) 
failed to enthuse the Fuehrer or most 
of his airforce officials. The easy Ger¬ 
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man victory over France in May-June 
1940 also robbed the work of any ur¬ 
gency However, a few far sighted offi¬ 
cials in the German Air Ministry 
realised its importance and awarded a 
contract for its development to the fa¬ 
mous firm Messerschmitl. This firm loo 
found it no easy task to proceed They 
had to do it circumspectly against the 
opposition of the high officers of the 
Luftwaffe. 

Finally, Messerschmitl got the first 
jet fighter, the Me262, fiight tested in 
July 1942 and by the end of 1943, the 
plane was ready for mass production. 
Now Hitler became interested, but 
wanted it to be converted into a 
bomber, to retaliate against allied 
bombing of German cities ! It was a de¬ 
cision of monumental stupidity and set 
the programme back by nearly a year. 
Finally he relented and allowed the jet 
fighter to be produced, which saw ac¬ 
tion only in early 1945, too late to af¬ 
fect the outcome of the war 

Meanwhile m England, Whittle was 
finding it even more difficult to geC hjs 
plane accepted, though the combined 
British and Amencan industrial capac¬ 
ity was far higher than Germany’s and 
these countries were not subjected to 
heavy bombing But apathy and bu¬ 
reaucratic hindrance were even greater 
obstacles I 

The American firm, General Electric, 
stalled taking an interest in Whittle's 
work in July 1941 and successfully 
flight tested its model of the jet plane 
late in 1942 Towards the end of the 
war the plane went into production but 
the fighting ended before it could be 
employed. It was only in the Korean 
War of 1950-1953 tlmt jet fighters truly 
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came into their own. 

But once the value of the jet engine 
was generally grasped progress was 
spectacular. Supersonic jet fighters for 
militaiy applications were quickly devel¬ 
oped The first cpnimercial jets, pas¬ 
senger planes, were introduced in 1958 
and despite some initial setbacks el¬ 
bowed out the piston engined planes 
within a few years A supersonic pas¬ 
senger liner, the Concorde, was also de¬ 
veloped. Today, huge jet planes carry¬ 
ing nearly 400 passengers or 100 ions 
, of cargo are common place 

The jet engine has also been used 
io power small and moderate sized 
ships and in electric power generation 

Fame and rewm-ds poured on Frank ’ 
Whittle, though belatedly, after the War. 
He was knighted in 1948 and received 
a cash award of £100,000, tax free. 
Honoraiy doctorates were showered on 
him by Universities. But he had paid a 
heavy price for success in physical and 
mental health He sought quiet appoint¬ 
ments after the war and finally emi¬ 
grated to the USA in 1976 There he 
taught at the US Naval Academy in An¬ 
napolis. 

Hans von Ohain, belonging to a de¬ 
feated nation, was not equally lucky 
with regard to recognition He too emi¬ 
grated to the USA to work for the US 
Airforce and teach at the University of 
Dayton. Whittle and Ohain met for the 
first time in New York in 1965 and be¬ 
came friends 

It IS fascinating to speculate what 
would have happened if the develop¬ 
ment of the Jet engine had been better 


supported in the initial stages in Brit¬ 
ain and/or Germany. In Britain, a )et 
fighter could easily have been built Idot 
fore the outbreak of the war. iCs large- 
scale employment would have denied 
the Luftwaffe air superionty during the 
invasion of France in May 1940 Would 
the invasion then have succeeded ? 
Even if it had, m the subsequent Battle 
of Bntain, the German defeat would have 
come about earlier and more easily. 

On the other hand, if the German 
authorities had a better vision than the 
British, they could have produced op¬ 
erational jet fighters by the beginning 
of the war They could nave easily won 
the Battle of Britain, inspite of the Bnt- 
ish possession of radar. Would they 
then have Invaded Britain and would 
the invasion have succeeded Even 
later, German possession oi jet fighters 
would have undoubtedly stopped the 
allied bombing of Germany during 
1942-1945 in its tracks Would the al¬ 
lied invasion of Normandy m June 1944 
have succeeded if air superiority had 
not been assured ? 

In an alternative scenario if both 
Germany and Britain had been more 
alert, they both might have had jet 
fighters light from the beginning of the 
War. Would that have meant cancella¬ 
tion of any advantage to either side, 
leading to approximately the same 
course for the war None can answer 
these questions with certainty 1 All that 
is certain is that the Jet Age, brought 
abbut by the work of these pioneers, 
will take us closer to the day of the 
United States of the World. 
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he purpose of this study is to as¬ 
sess the analysis and interpre¬ 
tation skills in physics of 
twellth jirade students in India. Though a 
number of studies have been made in the 


UK (APU, 1978, Kelly, 1982, Lock, 1986: 
Lock, 1989; Lock, 1990a; Lock, 1990h; 
Lock, 1992), Israel (Tamir, 1988), Japan 
(Kojima, 1974; Matsubara, 1986), USA 
(NAEP, 1975: NAEP, 1978), Canada (Hobbs 
etal., 1979), Australia (Parker, 1984) and 
Singapore (Toh, 1993) to assess the sci¬ 
ence practical skills of students, little is 
found in literature about the Indian stu¬ 
dents. The present work is an attempt in 
this direction. For this two paper and pen¬ 
cil tasks centered on graphs and set in 
physics context were administered to 225 
students (162 boys and 63 girls) of gi-ade 12 
drawn from seven schools aifiliatcd to the 
Central Board of Secondaiy Education 
(CBSE), New Delhi The two tasks were de¬ 
signed to assess the analysis and inter¬ 
pretation skills as defined in the frame¬ 
work of Tamir's taxonomy (Tamir etal., 
1992) of practical tasks Within this 
broad categoiy of, the present study tests 
the skills of graphing data, determining 
relationship, interpretation, prediction 
and formulating a generalixation 
Though the task designed for this study 
are simple and context familiar to stu¬ 
dents, the average score obtained in this 
testis only 38.5% Further, difference be¬ 
tween achievement of boys and girls in 
this test IS found to be statistically signifi¬ 
cant only m prediction skills, Under- 
achievement in science of girls comparejl. 
to boys have been reported in a number 
of major studies done in this field in the 
USA (NAEP, 1978), Canada (Hobbs et al,, 
1979), UK (DES, 1980; Kelly, 1982) and 
Australia (Parker, 1984) as well as the 
First and Second lEA International Sci¬ 
ence Studies (Comber and Keeves, 1973: 
Postlethwaite and Wiley, 1992). 

It is also found that there is some dif¬ 
ference in achievement among schools. 
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The results obtained in this study clearly 
reveal the inadequacy of the curriculum 
prescribed at present m developing 
analysis and interpretation skills in 
physics. This raises senous concerns for 
curriculum developers, planners and 
Boards of Secondary Education m India 
Implications of study are also discussed. 

Method 

The data used in this study was collected 
through a test comprising two paper and 
pencil tasks While designing the tasks, 
the presently used curriculum in physics 
was kept in mind and the tasks focused 
on the concepts of physics already taught 
to students. Text of the tasks is given in 
the appendix The first task requires to 
plot a graph using the given data and 
then answering questions based on this. 
In the second task, two graphs are given 
and on the basis of these, a student is 
required to answer questions designed to 
test various process skills 

Sample 

The sample consisted of225 students (162 
boys and 63 girls) of grade twelve drawn 
from seven schools—six in Delhi and one 


in Bangalore lire mean age of the sample 
IS 17 years 3 months All the schools are af¬ 
filiated to the same Board— Central Board 
of Secondary Education, New Delhi and 
follow the same curriculum Out of seven 
schools, 3 are Government schools, 3 are 
Central schools and one a public school. 
Composition of the saniple m a school and 
type of schools are given m Table 1 For 
various reasons, name of the schools are 
notbeinggiven—rather schools have been 
given code as Gl. G2, G3, Cl C2, C3 aird 
P (G for Govt, schools, C for Central schools 
and P for the Public school). 

Test Administration 

For this a student test booklet was de¬ 
signed similar to that used in lEA Second 
International Science Study (Kay etal,, 
1992) and was provided to each student 
Just before the test The test was admin¬ 
istered in a batch of 20 to 25 students 
and each batch was briefed before the 
test. For each task, the time allowed was 
25 minutes. Ascoring grid was developed 
by the author and validated by the teach¬ 
ers In order to minimize the inter-rater 
vanability, all the booklets were marked 
by the author. 


Table 1 

Composition of the Sample 


School 

Mixed Sex or Single Sex 

Number oj Students 

Average Age of Students 



Boys 

Girls 

Total 


Cl 

MS 

16 

09 

25 

17Y 2M 

C2 

MS 

37 

13 

50 

17Y 5M 

C3 

MS 

15 

08 

23 

17Y IM 

P 

MS 

26 

08 

34 

17Y 2M 

Gl 

SS 

46 

0 

46 

17Y 4M 

G2 

SS 

22 

0 

22 

17Y 3M 

G3 

SS 

0 

25 

25 

17Y 2M 

Total 


162 

63 

225 

Average age of sample 
■ 17y 3m 
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Table 2 


Result of the Practical Test 

N=225 


Process skill 

Mean 

SD 

Maximum 
possible score 

Percentage 

score 

Graphing data 


1.03 

3 

51 3 

Determining relationship 


1 04. 

4 

34 0 

Interpretation 


0.93 

3 

34 7 

Prediction 

0 12 

0.32 

■ 1 

12 0 

Formulating a generalization 

0.56 

0 50 

1 

56.0 

Whole test 

4.62 

2.40 

12 

38.5 


Result and Discussion 

Table 2,3 and 4 summarize the results of 
this study. Table 2 presents the mean 
score obtained by the students in various 
process skills assessed in this study. It is 
seen that only in two skills l.e. graphing 
data and formulating a generalization, 
the average score is more than 50%. The 
average score In determining relationship 
is 34.0% and in the interpretation skill, it 
is 34,7%. The minimum score is found in 
the prediction skill — it is only 12%. This 
Implies that students found the items of 
the task testing the prediction skill most 
difficult. Table 3 presents the achieve¬ 
ment of boys and girls in the test. The last 


column gives the critical ratio calculated 
to see the gender difference in the process 
skills under consideration It is seen that 
in the whole test, gender difference is sta¬ 
tistically not significant—only in the pre¬ 
diction skill, the gender difference is 
found to be statistically significant at 
0.01 level. In fact, in graphing skills, the 
average score of boys and girls are found 
to be equal In the process skills of deter¬ 
mining relationships, interpretation and" 
prediction, the average score of boys is 
' more than girls. But in the skill of formu¬ 
lating a generalization, the average score 
of girls is little more than that of boys al¬ 
though this difference is statistically not 
significant. 


Table 3 


Achievement of Boya and Girls In the Practical Test 


Problem or skill 

Boys 

I Mean 

iV=J62 

SD 

Girls 

Mean 

1 

]V=63 

SD 

Maximum 
possible score 

Critical 

ratio 

Graphing data 

■SI 

1,01 

1 54 

0 96 

3 

0 

Determining relationship 


1.13 

1.19 

0 66 

4 

1 97 

Interpretation 

mi 

0.92 

0.81 

0.91' 

3 

2 35 

Prediction 

0.13 

0.34 

0.08 

0 27 

1 

3 47* 

Formulating generalization 

0.56 

0 50 

0 59 

0,49 1 

1 

0,41 

Whole test 

4.78 

2.44 

4,21 

0,38 

12 

1.60 


* Significant at 0 01 level 
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Table 4 gives the difference in 
achievement in the test among schools. 
In the whole test, the average store var¬ 
ies from 3.74 obtained in a government 
school to 6,0 obtmned in a private school 
— the variation is 60.4%. In other skills 
(excluding prediction), the variation 
ranges from 66% to 93%. In the predic¬ 
tion skill in which while the average score 
is as low as 12 variation is 500%. Though 
there is variation in achievement of stu¬ 
dents from school to school, but a definite 
pattern showing correlation between 
school and achievement of its students 
does not emerge from this study. In fact, 
investigation into this aspect requires a 
separate and detailed study taking into 
consideration explicitly different vari¬ 
ables of the school environment and is 
not the aim of this study. 

Implicatlona 

This study has raised serious concerns 
for science educationists, curriculum 
developers and Boards of Secondary Edu¬ 
cation in India It clearly shows that the 


presently used curriculum of physics 
practical has failed to develop the analy¬ 
sis and interpretation skills in students 
up to a reasonable level An analysis of 
the currently used physics practical cur¬ 
riculum shows that the two main reasons 
for this poor performance are (1) the type 
of laboratory exercises used in the 
coursework, and (2) the nature of assess¬ 
ment presently in practice It is high time 
that curriculum designers and develop¬ 
ers, Boards of Secondary Education take 
a fresh look at the following elements o( 
the curriculum (1) Instructional Ap¬ 
proach, (2) Laboratory exercises, and (3) 
Assessment of practical work in physics. 
The author is presently developing a new 
approach to practical physics which Will 
address to all the three elements of the 
curriculum mentioned above and will be 
based on recent advances in the field of 
Cograhve Scienqe, in general and Tamir’s 
taxonomy of practical skills in particular. 
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Table 4 

Dlfferencea In Achievement In the Practical Test among Schools 


School Cl 
N=25 


School C2 
N=50 


School C3 
N=23 


SchoolP 
N=34 


School CJ 
N=46 


School C2 
N=22 


School G3 
N=25 


Graphing 

data 

Determining 

relationship 

Interpretation 

Prediotlon 

Formulating 
a generalization 
Whole test 


Mean 

SD 

Mean 

SD 

Mean 

SD 

Mea;i 

SD 

Mean 

SD 

Mean 

SD 

Mean 

SD 

128 

0 96 

122 

1,10 

1.43 

0.93 • 

2,09 

0.78 

137 

■1,01 

1.91 

0 99 

1,76 

0 95 

1,56 

1.10 

1.08 

1,06 

1,96 

0.85 

162 

1.07 

1 11 

0,94 

1,36 

1.07 

1,32 

0 73 

121 

■0.89 

0,84 

0.90 

1.17 

0.87 

147 

0,85 

0 78' 

0,92 

136 

0 78 

0,76 

0,99 

0 08 

0 27 

0 08 

0,27 

0,30 

0.46 

018 

0,38 

0 07 

0.25 

0.05 

0,21 

0,12 

00,32 

0.56 

0 50 

0,58 

0,49 

0,57 

0.50 

0,65 

0.48 

0.41' 

0 49 

0 68 

0 47 

0 60 

0,49 


4 68 1 95 3 8 2.63 5,43 2.68 6.0 2.05 3.74 2.15 5.36 2.04 4,56 2 21 
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APPENDIX 


Task 1 25 min. 

Air enclosed in a hypodermic syringe was compressed m steps keeping temperature 
of the air constant Data of the experiment is given in the following table: 

Volume, V(cm^) 60 50~ 40 30 20 10 5 

Pressure, P (absolute atm) 1.00 1.13 1.43 1.98 3.00 5.88 11.48 

1. Using the above data, plot the pressure v/s volume on a Cartesian graph paper, 

2. Suggest a relation which best descnbes the variation of P with V in this expen- 
ment. Can you confirm this relation using the above data 


3 Would you expect air to follow the above relationship under extremely high pres¬ 
sures ? Give reasons for your answer. 


Task 2 

A stone was dropped with initial velocity of zero and its distance (s)- bme (t) data was 
collected. This data was used to draw distance-time graph (Fig 1) and distance - time“ 
graph (Fig. 2) for this motion. 

Study the two graphs carefully and answer the following questions' 

1. Is the stone moving with a constant velocity ? State reasons for your answer 


2. Is the stone moving with a constant acceleration ? State reasons for your answer 


3 (a) How s varies with U? 
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(b) Deternune a relationship between s and t^. 


4. Can you obtain the value of acceleration due to gravity, 'g' from the above 
relationship ? If yes, calculate the value (Show all calculations), 


5. Write a general equation which describes such motions 
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nderstandlng of concepts is ba¬ 
sic to further learning, trans¬ 
fer and problem solving. It 
Involves more than definition of a con¬ 


u 


cept or recognition of common ex¬ 
amples A student should also be able 
to represent or recognize a concept In 
different modes of representation or its 
application in different settings, trans¬ 
late from one mode to another, gener¬ 
alize to other examples, recognize its 
non-examples and explain why. ab¬ 
stract its properties other than those 
used in its definition, compare and con¬ 
trast concepts and integrate concepts. 
These need to be emphasized in teach¬ 
ing, learning and evaluation for attam- 
ment of higher level objectives such as 
transfer and problem solving. In this 
paper we elaborate on these for teach¬ 
ing of mathematical concepts, at upper 
primary stage only. As teaching of con¬ 
cepts depends on the content, the de¬ 
velopmental stage of the learner and his 
previous experiences, we would mainly 
emphasize activities which are feasible 
in Indian setting. 

-Developmental Stage of the Child 

Piaget suggested four stages in devel¬ 
opment of the child: senson-motor be¬ 
fore appearance of Icinguage at about 
two years of age, pre-operational which 
precedes real operations about 2-7 
years, concrete-operational about 7-12 
years of age and formal-operational at 
twelve plus. Further expenments and 
research has suggested that character¬ 
istics suggested by Piaget for the for¬ 
mal operabonal stage do not begin to 
emerge until 14 or 15 years of age in 
many pupils, These suggest that most 
pupils at upper primary stage are at 
concrete operational stage and there is 
a need for concrete referrents in teach- 
! ing of mathematics. It does not imply 
■ that mathematics teaching always re- 






quires concrete apparatus till the full 
emergence of formal operations. It can 
be replaced by actions carried out in the 
mind on the basis of prior knowledge 
underlying concrete manipulations. 

Previous Experience 

Mathematics learning largerly consists 
of building understanding of new con¬ 
cepts onto previously understood con¬ 
cepts. There is thus a need to check 
students understanding of concepts 
which are prerequisites for learning of 
the new concepts, Children at the end 
of primary stage are expected to have 
understanding of the concept of place 
value and zero as a place holder for 
reading and writing of whole numbers; 
four fundamenlal operations on whole 
numbers, fractions and decimals; per¬ 
centage; geometrical shapes like circle, 
triangle, square, rectangle; line seg¬ 
ment, line, ray and angle; measurement 
of length, angles, capacity, time and 
temperature. However, tests given at 
the beginning of Class VI by the author 
in Delhi government schools reveal lack 
of adequate understanding of these by 
most students. There is thus a need to 
assess understanding of these and take 
remedial measures before teaching top¬ 
ics for which these are prerequisites. 

Empirical Reality in India 

In most schools in India it would not 
be possible to use commercially pro¬ 
duced concrete materials for individual 
students, videotapes or projectors. 
However, it is not a great handicap. Ac¬ 
tivities requinng use of simple concrete 
materials Hike ropes, matches, paper 
cutting, paper folding, drawing on 
geopaper, graph paper can be used by 
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individual students. Demostratloh aids 
like models, charts, drawings can be 
used to provide visual experiences for 
abstracting a concept and its proper¬ 
ties. Teachejrs can also draw students 
attention verbally to objects in the en¬ 
vironment or situations in daily life 
which model the concept and ask them 
to answer questions which would en¬ 
hance understanding of the concept 

What is a Concept ? 

It is difficult to define a concept cind we 
would not delve into it We may think 
of a concept as formation of an idea or 
mental image which is labelled by a 
word or symbql. Skemp (1986) distin¬ 
guishes between two types of concepts 
primary and secondary. Concepts which 
are abstracted from sensory or motor 
experiences are called pnmaiy concepts 
■and concepts which are abstracted from 
other concepts are called secondary 
concepts. 

The mental image for primary con¬ 
cepts is first formed by having sensory 
or motor experiences of an object/set 
of objects, its attributes or relations 
between an attribute/attributes of two 
or more objects e.g, concept of num¬ 
ber "four", >, =, <, 7+8, 3x4. line seg¬ 
ment, angle, triangle, circle, length, 
area, symmetry, congruence, similar¬ 
ity, These are then expressed by a 
word or symbol. After a number of ex¬ 
periences, these are abstracted and 
become an element of thought de¬ 
tached from concrete reedity. Some 
concepts may later be left undefined 
e.g. concept of a point, line and plane 
or defined in terms of other concepts 
e.g. concept of a circle may first be 
formed by having sensory experiences 
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nd later may be defined as a figure 
armed by a set of points in a plane 
quidistant from a fixed point 

Secondary concepts are derived 
rom other concepts in a number of 
/ays 

] by extending a concept to a more 
inclusive concept called super con¬ 
cept e g whole numbers to integers. 

] generalizing a concept e g 
generalisation of arithmetical num¬ 
bers as a literal number, a class of 
relations "equivalent to" which en¬ 
compass equal to, congruence, 
similarity with class properties of 
reflexivity, symmetiy and transitiv¬ 
ity, 

D differentiating a concept into sub¬ 
concepts called coordinate concepts 
(Merril and Tennyson, 1977) by re- 
stncting measures of some attribute 
to certain range of values e g dif¬ 
ferentiating angles into acute, ob¬ 
tuse and right angle etc, or relations 
between measures of some at¬ 
tributes e.g. triangle into scalene, 
isosceles and equilateral triangles 

□ comparing an attribute/attnbutes 
of two or more objects e g larger 
than, equal to, smaller than, frac¬ 
tion, ratio, percentage, congruence 
and similarity of geometrical 
shapes, measure of an attribute 

□ a rule relating two or more con¬ 
cepts e.g chord of a circle is a line 
segment which connects Iwo 
points on a circle or factor of a 
number is a number which divides 
it exactly 

□ transforming a concept by doing 
somelhing to it e.g multiplying a 
number itself n times to get its n'" 
power 
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Understanding of Concepts 

A student understands a concept if he 
is able to 

□ label or define a concept 

□ represent a concept in many ways 
or apply it in many situations 

□ translate a concept from one mode 
of representation to another 

□ recognize its examples in which 
many variable features vaiy or give 
new examples or generate examples 
with specified properties, 

□ recognize its non-examples and ex¬ 
plain why 

□ abstract its properties other than 
those used in defining it 

□ compare and contrast concepts by 
recognizing similarities and diller- 
ences between sub concepts -of a 
concept and inclusive relations be¬ 
tween a concept and its super con¬ 
cept 

□ integrate concepts with previously 
learned concepts. 

All of these may not be relevent or 
important for a concept depending on 
its nature, newness, complexity and 
stage of learning of the student 

Teaching of Concepts 

Teaching of conceiits for understanding 
needs' to be planned carefully analyzing 
it for prerequisites or sensoiy experi¬ 
ences that wouid enable students to ab¬ 
stract a concept' the examples and non¬ 
examples that should be used to enable 
students to generalize to other examples 
m which variable attributes vary and 
discriminate it from non-examples in 
which a critical leature-is missing, de¬ 
ciding on aciivities which would iielp 
students in abstracting its properties, 
^ deciding on concepts to which it should 
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be compared or constrasted from or be 
Integrated ynth assessment of its under¬ 
standing and review while teaching 
other concepts based on it or topics to 
which it can be applied, 

Introducing a Concept 

We need to ensure that students have 
the prerequistes of a concept before la¬ 
belling or defimng a concept Pre-requi¬ 
sites of a concept depend on its nature 

Sensory motor experiences need to 
be provided for formation of primary 
concepts e g. angle, circle, area, vol¬ 
ume, symmetry, congruence, A large 
number of experiences are necessary 
for formation of such concepts and 
their abstraction as elements of 
thought detached from concrete 
realllty Experiences may be provided 
by engaging students in activities in¬ 
volving use of raanipulatives, visual 
experiences by means ol videotape^, 
charts, models, drawings or drawing 
their attention to lamillar objects in 
the environment before identifying a 
concept by a label or symbol. These 
are crucial for language to make 
sense. 

Secondary concepts should first be 
analyzed to understand its contributory 
! concepts and for each of these its con- 
1 tnbutoiy concepts and so on till wc 
reach the experiences or concepts 
which students can he assumed to have 
had or understand adequately, These 
need to be reviewed or assessed before 
introducing a concept based on these 
depending on time gap in their teach¬ 
ing and complexity For example, con¬ 
cept of prime number is taught just af¬ 
ter the concept of a factor, only a re¬ 
view with examples emphasizing special 


cases e.g, one and number itself as a 
factor of eveiy number may be all that 
is necessary. But, before introducing 
the concept of a rational number, a 
quizz may be desirable on its prerequi¬ 
sites VIZ. fractions and integers which 
were taught long ago and are more dif¬ 
ficult. j 

Algebraic concepts at upper pn- 
maiy stage which are generalizations 
of arithmetical concepts of number 
and operations on them need to be 
preceded by activities which facililaLe 
transition to algebra Activities which 
require students to generalize from 
patterns, think about a numerical re¬ 
lations m a situation from many ex¬ 
amples, discuss it in everyday lan¬ 
guage and finally represent it with let¬ 
ters or notation like □ and A, teach¬ 
ing arithmetical numbers m ways 
which enhance their understanding 
and generalize to more general con¬ 
cepts e.g concept of area models for 
multiplication of numbers which gen¬ 
eralizes to literal numbers and their 
combinations with numbers For de¬ 
scription of some such activities see 
Davis (1985), Kicran, Battista and 
Douglas (1991), Peck and Jeneks 
(1988), Pegg and Redden (1986) 

Representation of a Concept 

A concept should be presented m many 
modes or settings to enhance its under¬ 
standing and develop conccpliial 
schemes helpful for further learning 
Bruner (1966) suggested three 
modes of representation ol niathcmali- 
cal concepts inactive (physical represen- 
• tation), iconic (pictorial represcniation) 
and symbolic (written symbols). Lesh 
and Landau (1983] expanded it’iriLo five 
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— real world situations, manipulalives, 
pictures, spoken symbols and written 
symbols 

Desirable modes of representation 
for a concept would depend on its na¬ 
ture, newness, complexity and previous 
experienees. 

It IS desirable to represent complex 
and new concepts m many modes to 
enhance its learning and further learn¬ 
ing based on it For example a fraction 
like 2/5 may be represented as two 
parts of a cake which has been divided 
into five equal parts, on a number line, 
constituting two parts of a rectangle 
which has been divided into five equal 
areas or four coins of a picture of a col¬ 
lection of ten coins or picture of Ds or 
□s so arranged m two rows of five each 
or division of number two by five and 
may also be written as two-fifths. Simi¬ 
larly concept of a parallelogram may lie 
represented by its model, pointing to its 
examples in the environment, drawing 
it on the blackboard, engaging students 
in activities like drawing it on geopaper, 
graph paper, making it by arranging 
(wo congruent triangles together 

Simple secondaiy concepts may be 
represented by pictures and verbally if 
students have adequate mastery of con¬ 
tributing concepts e g concepts like 
prime numbers, chords of a circle, di¬ 
agonals of a quadrilateral 

New representations for already fa¬ 
miliar concepts may be introduced 
which are useful for more inclusive or 
general concepts e g representation of 
natural numbers on a number line 
which yan later be used for integers, 
fractions, decimals, rational numbers or 
use of area models for multiplication of 
natural numbers which can later be 


used lor multiplication of fractions, 
decimals and literal numbers and sum 
or difference of literal numbers or lit¬ 
eral numbers and natural numbers, 

Translation of a Concept Given in 
One Mode to Another 

Translation of a concept expressed in 
one mode to another besides enhanc¬ 
ing understanding is an important ca¬ 
pability needed in day-to-day life c g 
writing of amount of money m words 
and figures, interpreting or reading 
tables and graphs given in ready 
reckoners, newspapers, books etc It is 
also an important aspect in applications 
and problem solving which invariably 
require translating a word problem into 
a mathematical sentence, table or dia¬ 
gram Many opportunities and aciivities 
should be provided to siiidcnts to 
translate from one mode to another 
Questions or activities like the follow¬ 
ing may be used’ 

□ write a given amount ol money in 
words and figures 

□ represent and read whole numbers, 
integers, rational numbers on a 
number line 

□ represent and read multiplication of 
whole numbers, fractions, decimals 
and literal numbers as areas on a 
geo or graph paper 

□ translate word problems involving 
fundamental operations or numbers 
m arithmetical sentences 

□ make equilateral, scalene or isosce¬ 
les triangles using matches 

□ draw geometiical concepts like par¬ 
allel lines, triangles, parallelograms 
on geo paper, graph paper, with a 
ruler, 

□ translate an expression given in 





SCHOOL SEPTEMBER' 
SCIENCE 19 9 7 


words in an algebraic expression 

□ iranslalc a word problem onto an 
algebraic equation 

□ draw and read graphs 

□ . read tables to find specific informa¬ 

tion ' 

□ measure perimeters of irregular fig¬ 
ures 

□ draw a cuboid, cone, right circular 
cylinder and label its dimensions 

□ express formulae for perimeters, ar¬ 
eas, volumes of regular geometrical 
shapes given in words in symbols 
and vice versa 

□ draw regular figures with given pe¬ 
rimeter or area 

□ give directions for copying simple 
figures on a paper to someone who 
cannot see the figure himself 

□ draw and read maps of reaching 
school from different points nearby 

Use of Examples 

S7 

Many characteristics vaiy among class 
members of a concept these arc called 
variable attributes. It is important to 
give many examples in which variable 
attributes vary So that students can 
generalize to other examples For ex¬ 
ample in Leaching concept of a triangle 
models or drawings that vary in size, 
orientation, length of sides and angles 
should be presented, Many students 
who have only seen squares with sides 
parallel to the edges of a textbook or 
blackboard, cannot recognize squares 
like or draw a square on the hypot¬ 
enuse of a right angled triangle whose 
legs arc parallel to the edges of a pa¬ 
per The students may also be asked to 
give examples from the environment to 
which other students can react 

The students may be asked to gen¬ 


erate examples of concepts with which 
they have previous experience using 
analytical thinking Questions or activi¬ 
ties such as the following may be used: 

□ write all possible numbers, smallest 
number, largest number using 
specified digits (using each digit 
once only) 

□ write numbers which are 1 more or 
less than a number with special em¬ 
phasis on nufnbers which end in 
nines or zeros 

□ generate stones in which specific 
compulations such as 


2150 x 1 5,-^ xy. 


1000 x 5 
100 


are required 

□ write two numbers whose LCM is 

12 , 

□ write two numbers whose HCF is 1 

□ make a cuboid using 24 unit cubes, 

□ make triangles giving specified 
numbers of matches and describe 
how many different triangles can be 
made and their type 

Characterization of a Concept 

A concept is charactenzed by attnbutes 
that all members of a class possess 
These are called critical attributes Stu¬ 
dents attention may be drawn to these 
by listing them and/or providing prac¬ 
tice on examples In which a critical fea¬ 
ture is missing so that they can dis- 
cnminate non-examples from examples 
Questions like the following may be 
asked 

□ Which of the following are not prime 
numbers'? Place an X against them 
and explain why 

1, 2, 4, 7, 9 

□ Name the property that prevents the 
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following from being called a square 




□ Students gave the following ex¬ 
amples of a triangular object open 

- compass, samosa, mountain Why, 

- are these wrong 

□ ' For each of the following, placeanX 

against unlike terms and explain 
why 

6x and x 
and 2x 
2x and 2y 
xy and yx 

Exploration of Properties of a 
Concept 

A concept has many properties other 
lhan those used in defining it. The 
students may be asked to explore 
these by observation, measuring, pa¬ 
per cutting and folding, rotation about 
a point or analytical thinking Ques¬ 
tions or activities such as the follow¬ 
ing may be provided and answers of 
different students discussed in 
class 

□ asking the number of sides, diago¬ 
nals, vertices and angles in differ¬ 
ent types of polygons 

□ measuring angles of different tri¬ 
angles, quadrilaterals and finding 
their sum 

□ drawing tndngles with specified 
angles including set of angles for 
which the figure cannot be drawn 
[with sums greater than 180) 

□ making triangles using sticks of 
speified length including a set of 
sticks with lengths for which a tri¬ 
angle cannot be made 


□, exploring the properties of quadri¬ 
laterals. For example, a parallelo¬ 
gram by measuring its sides and 
angles, cutting it along the diago¬ 
nal and comparing the triangles or 
making a rectangle from it by a 
suitable cutting and rearranging 
it 

□ finding lines of symmetry by cutting 
and paper folding 

□ making models e g a cuboid using 
24 unit cubes or open boxes by 
cutting corners from same sized 
grid papers and showing these in 

- class for observation orpropertics 

□ estimating measurements or an¬ 
swers to computations involving 
fundamental operations, 

Comparison and Contrast of 
Concepts 

A concept should be related to 
superordmate concepts which may have 
been formed by extending it and dis¬ 
criminated from co-ordinate concepts 
which may have derived from it Ques¬ 
tions pertaining to following may be 
asked 

Compare Different Examples of a 
Concept 

□ Compare the following by writing 
appropriate symbol, >, = or < m □ 


61 □ 16, .,5 □ 




-2 □ -4, ,333 □ □ |- 

,5 □ 12 □ 

100 16 4 

□ Find the largest/smallest angle, 
length, area, volume given examples 
of two or more of these 
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Discriminate Examples of a Concept 
from Non-examples of Coordinate 
Concepts 

□ Which of the following variables are 
inversely relaled, place a / against 
Lhem, 

(a] amount of commodity and its 
cost 

(b] number of persons employed to 
complete a work and time taken 
to finish it 

(c] speed of a car and distance it 
would travel in a specific time. 

(d] speed of a car and time taken to 
cover a specific distance. 

(e] Number of similar towels hung 
in sunshine and time taken to 
dry them 

□ In what way are a rectangle and 
square (a) similar, (b) different 

□ In what way are an equilateral tri¬ 
angle and square (a) similar, (b) dif¬ 
ferent 

□ Which of the following are like 
terms, place a / against them ' 

2x, 3x 

5x, 5y 
X, 2x 
xy, yx 

□ Which of the following are time for 
all values of x, place a / against 
them 

(a) x+3 =5 

(b) 2(x+l] = 2x + 2 

. (c) X X 0 = 0 

(d) 2x + 3 = 3x + 5 

(e) (x - 2)^ = X - 4x + 4 

Recognize Inclusive Relations 
between Concepts 

□ Is any whole number an integer 

□ Is any parallelogram a rectangle ? 
If no draw such a parallelogram ? 


□ For following numbers, write W for 
whole numbers, I for integers, F for 
fractions, D for decimal numbers 
and R for rational numbers. More 
than one of these may be appli¬ 
cable, write all of them 

-i-, .54, -3, 7, 0, 1, 333 49422422. 

□ Name different types of quadrilat¬ 
eral for which the following proper¬ 
ties are true using Q for any quad¬ 
rilateral, S for a square, R for a rect¬ 
angle, Rh for a rhombus, P lor a 
parallelogram and T for a trape¬ 
zium More than one ol these may 
be correct, write all of them 

(a) one pair of opposite sides are 
parallel 

(b) both pairs of opposite sides are 
parallel 

(c) opposite angles ai-e equal. 

(d) all sides are equal. 

(e) all angles are right angles 

(f) both pairs of opposite sides are 
equal 

Integration of Concepts 

A systematic review of concepts can be 
build in by integrating concepts with 
concepts learned earlier which en¬ 
hances their retention and understand¬ 
ing 

Provide a Review of Concepts 
Learned Earlier 

□ Give as many situations as you can 
where a person needs to use per¬ 
centage 

□ For the adjacent figure 

(a) name all the angles 

(b) name all the line 
segments 

(c) measure the length B C 








of all line segments 
[d] measure .all the angles using a 
protractor 

□ ABCD IS a rectangle 5_2^ 

(a] name a pair of 
parallel lines 

(b] name a pair of _^ 

perpendicular A B 

lines 

□ Give all the properties of a square 
(different answers may be desired at 
different times, e g after teaching of 
the concepts of congruence, symme¬ 
try). Integrate it with concepts in 
other topics 

□ If the sides of a square are in¬ 
creased by 10%, what would be the 
percentage increase in its (a) penm- 
eter, (b) area 

□ If the length of edge of a cube is 
doubled, how would its volume 
change. 

□ Sides of a triangle are in the ratio 
1.2 3 and its perimeter is 24 cm. 
Find the sides. 

□ Find the cost of tiling a floor whose 
length and breadth are 4 and 3 
metres respectively The cost of til¬ 
ing it IS Rs. 90 per square metre 

□ Which of the following variables are 
directly proportional'? Place a / 
against them 

(a) circumference of a circle and its 
radius 

(b) area of a circle and its radius. 

(c) length of an arc of a circle and 
angle subtended by the arc at 
the centre. 

(d) area of sector of a circle and 
' angle subtended by the sector at 

the centre. 

□ Cut a rectangle along the diagonal 
and rearrange the triangles with 


equal sides adjacent to each other, 
trace it on a paper 

(a) How many figures can you get 
by rearr.anging the pieces'? 

(b) Name tnem 

(c) Can you tell without measuring 
which will have the smallest pe¬ 
rimeter, largest perimeter*? 

(d) Can you tell without actual 
measuring which would have 

' largest area, smallest area*? 

□ For the figure given below, represent 
its area (a) in terms of length of its 
sides (b) as sum of areas of I,II, III 
and IV 

q 4 


I 

II 


IV 


□ Represent (a-i-b) (a-i-b) by a diagram 
and show that (a-i-b)“ = a^-t-2ab+b^ 

□ Write a paragraph on how math¬ 
ematics is useful to a person m his 
day-to-day life 

□ Write a paragraph on how math¬ 
ematics is useful to a shopkeeper/ 
farmeryhouse wife 

Assessment of Understanding of 
Concepts 

Understanding of concepts needs to be 
emphasized in testing to motivate stu¬ 
dents to pay attention to it, and learn 
from it The tasks for assessment 
should differ from those used m teach¬ 
ing to ensure they are testing under¬ 
standing and not memory e.g. asking 
1 students to define in their own words 
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or recognize paraphrased definitions, 
using examples and non-examples dif¬ 
ferent from those used in teaching, ab¬ 
stract properties ol different concepts 
by using similar techniques etc 

It IS not necessaiy to assign sepa¬ 
rate tasks to assess each aspect of un¬ 
derstanding. it is advisable to design a 
single task that covers several aspects 
It IS also not necessary to assess all as¬ 
pects or all students or formally by a 
quiz or test at all times Problems at dif¬ 
ferent levels of involvement and for a 
small group or whole class can be cre¬ 
ated Exploration of properties of con¬ 
cept can be done in small groups 

The aspect of conceptual under¬ 
standing to be tested should be selected 
according to previous experience and 
developmental level of students. Further 
these should be consistent with meth¬ 


ods of teaching 

In monitoring students understand¬ 
ing of concepts a distinction may be 
made between concepts or aspects ol 
concepts for which mastery should be 
the aim, e g. concept ol coefficient ol a 
term, like terms, power of a literal num¬ 
ber etc, and adequate mastery of con¬ 
cepts which develop over time, can be 
extended further and laige indiviclnal 
differences have been obseiwed m agc,s 
at which they are mastered, c g con¬ 
cept of place value, fundamental opera¬ 
tions on numbers 

Review of Concepts 

Concepts would be retained only il they 
are reviewed systematically while teach¬ 
ing concepts based on them and pro¬ 
viding opportunities which require their 
application while Leaching other topics 
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he time has come when sci¬ 
ence IS going to be an indis- 
_ pensable part of our life and 


living styles m the rural as well as ur- ^ 
ban sectors and therefore, scientific out¬ 
look will be essential for all members of 
the society to get rid of a number of ir¬ 
rational and superstitious belief, dog¬ 
mas and faith in obscurantism. As 
such, a rational and just society re¬ 
quires development of scientific temper 
among individuals, especially among the 
adolescent learners for progressive 
growth and modernisation All well 
flourished and flounshing civilizations of 
the world, in this way, may be desig¬ 
nated as the brain children of the man¬ 
kind possessing scientilic attitude and 
inventive curiosity It is true to say that 
the scientific way of looking at things 
and thinking logically as well as inde¬ 
pendently on any problematic situa¬ 
tion, may enable one to find out desired 
solution while marching ahead on the 
path of innovation and exploration 
Through this process one may be edu¬ 
cated in true sense Since education 
aims to bnng rationality in thinking and 
power of judgement among human be¬ 
ings, all our educational endeavours 
eventually are concerned with inculca¬ 
tion of an ability to think logically and 
develop skills desirable to make scien¬ 
tific observation and analysis in life 
among the young learners, so that they 
may be able to avoid ragged traditions 
and use scientific deduction to solve the 
various problems of their own life as 
well as of the society 

In this way, science may become a 
way of life and enable individuals and 
societies to cope with the problems 
likely to arise in science dominated fu¬ 
ture due to its significant role in the 
field of inventions and innovations, dis¬ 
covery of new facts and truths, for ex- 
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plaining and elaborating old facts and 
findings in a new way, analysing causes 
behind natural and supernatural phe¬ 
nomena, finding out solutions to the 
ever increasing problems of human life 
especially on account of narrow feelings 
and selfishness, searching out probable 
solution of the problems of resource cri¬ 
sis and environmental pollution as well 
as degradation of social and life-style 
norms and values etc. 

All these and similar innumerable 
problems are imposing a great challenge 
before the unity and integrity of man¬ 
kind as well as existence of human race. 
To face these challenges with courage 
and vigour, development of rational out¬ 
look and scientific attitude seems to be 
of supreme importance 

Science as a process, adopts a spe¬ 
cific mode of enquiry through the sci¬ 
entific method which combines the in¬ 
ductive and deductive thought pro¬ 
cesses, synthesis of observational fact 
and figures with reasoning and analy¬ 
sis for purposeful fact findii^g as well as 
verification of the presuppositions. At 
the same time, as a product, it forms a 
systematised body of knowledge ob¬ 
tained through a senes of a large num¬ 
ber of empirical observations, but in the 
both forms, the fundamental part and 
functionality is scientific attitude 

Thurstone (1929) defined attitude as 
the suitT total of man’s inclination and 
feelings — prejuc(|ces and biases, pre¬ 
conceived notions, ideas, fears, threats 
and convictions about any specific topic 
The behavioural part was added in this 
definition later on. Allport (1935) stated 
it as a neutral and natural state of 
readiness, organised through experi¬ 
ences, exerting a directive or dynamic 


influence upon individual response to 
all objects and situations with which it 
is related. 

Doob (1947) considered it,as a bi¬ 
polar concept, since two people may feel 
the same amount of effect towards an 
object but may behave differently or 
may have different belief. 

Cheim and Evans (1948) discussed 
over the issue further and took it as a 
multidimensional concept Equal 
favourability and cognition may not 
cause equal belief and action Thus be¬ 
sides cognition, belief and behaviour are 
the other dimensions of attitude. As 
such, the attitude concerned with sci¬ 
ence, scientific method and tempera¬ 
ment, analysis etc may be stated as sci¬ 
entific attitude. 

Dictionary of Education (1972) de¬ 
fines Scientific Attitude as a set of emo¬ 
tionally toned ideas about science and 
scientific method and related directly or 
indirectly to a course of action In the 
literature of science education, the term 
implies such quEilities of mind as intel¬ 
lectual curiosity, passion for truth, re¬ 
spect for evidences and appreciation of 
the necessity of free communication in 
science 

Therefore, scientific attitude is in¬ 
variably concerned with open 
mindedness, desire for accurate knowl¬ 
edge, confidence in the procedures for 
seeking knowledge and having a faith in 
the use of verified knowledge to fetch 
solution of the problems, rationality, 
curiosity, objectivity, aversion to super¬ 
stitions etc., the conceptual criteria, in 
terms of which academic development 
may also be elaborated. 

Jain (1967) while constructing a sci¬ 
entific attitude scale for Indian youth. 
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selected four domains of intellectual, af¬ 
fective, connective and metaphysical 
and psychological abilities which to 
some extent are all concerned with 
power of expression, knowledge-applica¬ 
tion, communication, socialisation and 
commitment to acquire knowledge in 
spite of problems, the basic dimensions 
of academic attainment, 

Here, intellectual domain is related 
with belief in cause and effect relation¬ 
ship, searching sufficient evidence and 
data to come to a conclusion and arous¬ 
ing Intellectual cunosity. The affective 
domain is concerned with respecting 
others in data, production and its ven- 
fication. preparedness to share findings 
with others and believing in goodness of 
mvenbons Similarly, the connative as¬ 
pect is related with intellectual honesty, 
testing logical conclusions and with¬ 
holding judgement till its further veri¬ 
fication. The metaphysical and psycho¬ 
logical domain is related with freedom 
from superstitions, prejudices and fatal¬ 
ism. 

Considering the aspects and do¬ 
mains of the two concepts, they seems 
to be related internally but now a days, 
since a set of marks obtained by a stu¬ 
dent in a certain examination is often 
taken as an indicator of academic 
achievement, establishment of relation¬ 
ship between the two variables with a 
certain degree of confidence become es¬ 
sential, so that Instead of academic 
achievement scores, if desired, test of 
scientific attitude could be included in 
all admission and selection tests to as¬ 
sess even those applicants for admis¬ 
sion who have not scored a certain per¬ 
centage of marks in aggregate as well as 
in the science subjects in the last quali¬ 


fying examinations. This may help to 
avoid the dilemma of existing double 
testing norms. 

Considenng the above rationale, the 
objectives of the study were finalized in 
the following pattern’ 

Objectives 

To find out’ 

0. 1= Correlation between cognitive 
domain of scientific attitude and 
academic achievement of higher 
secondary students. 

0. 2= Correlation between affective 
domain of scientific attitude and 
academic achievement of higher 
secondary students 

0 3= Correlation between psycho¬ 
motor domain of scientific 
attitude and academic achieve¬ 
ment of higher secondary 
students 

0.4= Relative contribution of cognitive, 

affective and psychomotor 
domains of scientific attitude 
towards academic achievement 
of higher secondary students 
On the line of above objectives, the 
following hypotheses were framed in 
null form for verification. 

Hypothesis 

There is no significant correlation be¬ 
tween: 

Ho.l= Cognitive domain of scientific 
attitude and academic achieve¬ 
ment of higher secondary stu¬ 
dents. 

Ho. 2= Affective domain of scientific at- 
btude and academic achieve- 
, ment of higher secondairy stu¬ 

dents. 

Ho. 3= Psycho-motor domain of scten- 
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tific altitude and academic 
achievement of higher second¬ 
ary students, 

Ho.4- There is no significant contribu¬ 
tion of cognitive, affective and 
psychomotor domain of scien¬ 
tific attitude towards academic 
achievement of higher second¬ 
ary students. 

The study was delimited on the 
grounds of urban higher secondary 
male students. The students studying 
at first year (Class XI) of recognised 
higher secondary schools and interme¬ 
diate colleges situated in the urban area 
of Varanasi city were included m the 
study sample The schools were se¬ 
lected randomly and the students who 
have opted science were specifically 
taken into consideration. For measur¬ 
ing academic achievement, the marks 
obtained by the students in their sec¬ 
ondary (or high school) examination 
were taken into account. 

The ex-post facto design was de¬ 
cided to be used, as in this study, in¬ 
stead of creating or manipulating the 
treatments, effect of a naturally 
occunng treatment was to be observed 
and examined, especially In terms of 
relationship between the two variables 
under observation. 

Sample 

The study sample consisting of the 


higher secondaty students was selected 
accidentally, out of five randomly se¬ 
lected schools. A sample of 120 male 
students found present m the class 
during data collection period were se¬ 
lected for the purpose of investigation 

Tool 

The Scientific Attitude Scale (Psychomo¬ 
tor, Affective, Cognitive Questionnaire) 
developed by. Singh (1988) was selected 
to measure the scientific attitude of the 
students. 

Data Collection 

The Scientific Attitude Scale was ad¬ 
ministered personally and the re¬ 
sponses obtained were scored using the 
prescribed scoring key After prepara¬ 
tion of the master chart, the concerned 
achievement scores of the students in 
their high school examination were 
compiled on the chart and relevant 
parametric statistical measures were 
computed 

Results and Discussion 

The results obtained were analysed ob¬ 
jective wise and the levels of signifi¬ 
cance etc, is presented in the Table 1 
The Table 1 represents the value of 
r=0.756 as obtained between the cog¬ 
nitive domain and academic achieve¬ 
ment of the higher secondary students 
which was found significant at .01 level 


Table 1 

Relationship between Cognitive Domain of Scientific Attitude and Academic 

Achievement 


Vonbies N Coefficient of Correlation 

Cognitive Domain 120 r=0 756 

Academic Achievement 


Leuei of Sipm/icance 
Sig at 01 level 
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of confidence. Therefore, the null hy¬ 
potheses (Ho.l) according to which 
there is no significant correlation be¬ 
tween the cognitive domain of scientific 
attitude and academic achievement, 
stands rejected 

This indicates that both the vari¬ 
ables are related with each other and 
as such those who scored better in the 
cognitive domain of scientific atti¬ 
tude, may also achieve better aca¬ 
demically. In' other words, develop¬ 
ment of the cognitive domain of the 
scientific attitude may help m higher 
achievement in academic disciplines 
to the students of higher secondary 
level. 

Similarly, the relationship between 
the other domains of scientific attitude 
and academic achievement were also 
obtained. The relationship with affective 
domain is presented in the Table 2 be¬ 
low; 

The Table 2 also indicates that the 
Academic Achievement and affective 
domain of scientific attitude is corre¬ 


lated significantly because the value of 
r thus obtained is as high as to be sig¬ 
nificant at 01 level of confidence. 
Therefore, the null hypotheses (Ho,2) 
which states that there is no significant 
correlation between the affective do¬ 
main of scientific attitude and academic 
achievement, stands rejected 

This also obviously clarifies that the 
two variables are highly correlated with 
each other and thus the higher aca¬ 
demic achievement of the students may 
be considered as the indicators of bet¬ 
ter scientific attitude in terms of its af¬ 
fective domain 

In the same way, an attempt was 
made to determine the correlation be¬ 
tween the psychomotor domain of sci¬ 
entific attitude and the academic 
achievement of the higher secondary 
students and the results thus obtained 
is presented in the Table 3. 

The results produced m the Table 
3, indicates the product moment coef¬ 
ficient of correlation between the psy¬ 
chomotor domain of scientific attitude 


Table 2 

Relationship between Affective Domain of Scientific Attitude and Academic 

Achievement 


Variables 

N 

Coefficient of correlation 

Level of Significance 

Affertive Domain 
Academic Achievemeni 

120 

r=0,770 

Sig. at 01 level 



Table 3 


Relationship between Psychomotor Domain of Scientific Attitude and Academic 

Achievement 

Variables 

N 

Coefficient of correlation 

Level of Significance 

Psychomotor Domain 
Academic Achievement 

120 

r=0,773 

Sig at 01 level 
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and academic achievement of the stu¬ 
dents at higher secondary level which 
is as high as to be significant at .01 
level of confidence Thus, the null hy¬ 
pothesis (Ho 3} in which it was recorded 
that there is no significant correlation 
between psychomotor domain of scien¬ 
tific attitude and academic achieve¬ 
ment, stands rejected 

This table also indicates the high 
positive relationship between these two 
variables. Since, all the three domains 
of scientific attitude are found highly 
correlated with academic achievement 
in a positive way, it could sa^f'ly be con¬ 
cluded that development of the scien¬ 
tific attitude among the students study¬ 
ing at higher secondaty level may nec¬ 
essarily facilitates belter academic 
achievement, 

Such a result is in tune with the 
findings of Golwalkar (1978) who had 
obtained similar type of relationship 
In science subjects. Baker (1985) in 
contrary, found that the middle school 
students \yith A and B grades in sci¬ 
ence had developed a negative altitude 
towards science whereas those with C 
and D grades had a more positive at¬ 
titude, He suggested two possible rea¬ 
sons for such unexpected results' 
(i) higher ability middle school stu¬ 
dents may have found science as a 
boring one, which has adversely af¬ 
fected their attitude, and (ii) the sci¬ 


entific attitude inventory may no I be 
valid for the middle school students as 
they perhaps could not follow the 
items well At the same Lime, it is also 
possible that their scientific attitude 
may not develop well at this stage. To 
avoid such of a situation, the highcr 
secondary sLudenIa were selected so 
that they may possess well developed 
scientific attitude and also be able to 
follow the items of the seienlilie atti¬ 
tude scale. They at Ihiststage. must be 
much critical minded, respecUul to 
the evidences, honest, objective m de¬ 
cision making, open-minded and with 
enquiring mood which arc; also the 
qualities essential for bctler academic 
achievement. This may be a strong' 
reason of obtaining a high, positive 
and significant relationship, 

To determine the rehilivc conlnlni- 
tion of the cogmlivc, alicclivc and psy- 
chomolor domains of seienlilie aitiUido 
towards academic achievement mul¬ 
tiple R and R'^ were compulcd, Tlic 
Table 4 shows the rcsulls thus oli- 
tained 

The Table 4 shows that all (he ihiee 
domains of the variable ol seienlilie al¬ 
titude contribute as much as 67,50% ol 
variance towards acarleniie achieve¬ 
ment, which may be considered as a 
high contribution As such, it could be 
staled that the scientific attitude con¬ 
tributes highly over the aradcmic 


Table 4 

Relative Contribution of Cognitive, Affective and Psychomotor Domains of 
Scientific Attitude towards Academic Achievement 


M 

Multiple R 


Pei centacjc oj Coninhuhon 

120 , 

0 823 

0 675 

67 50 
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achievement of the students stiidying 
at higher secondary stage. Therefore, 
the null hypothesis (Ho.4] according to 
which there is no significant (relative) 
contribution of cognitive, aflective and 
psychomotor domains of scientific atti¬ 
tude towards academic achievemeni of 
higher secondaiy students, stands re¬ 
jected 

Any percentage of contribution -be¬ 
yond sixty, may not be taken as insig¬ 
nificant one On this ground, the hy¬ 
pothesis has been taken as rejected 

Interpretation 

The results thus obtained, evidently 
makes It clear that the two variables 
under study are related with each other. 
positively, and scientific attitude con¬ 
tributes significantly towards a remark¬ 
able and higher portion ol academic 
achievement. Rani (1986) obtained such 
a vanance relatively much lower in case 
ol lemale science students in relation 
with their cognitive developmental level, 
ranging between 30 and 55% only. 
Baker (1985) found 56 to 67% of vari¬ 
ance concerned with attitude to science 
achievement in middle schools Thus, 
the results obtained is an expected one 
and in tune jiVith the fore runners, es¬ 
pecially on account of the commonali- 
tie.s between the two vanables as stated 
earlier 

Jmplicatlons 

The study implies that on account of 
high positive correlation belwccn th(' 
two variables, it seems to be inevitable 
to develop better scienlitic altitude 
among school going population lor their 
belter academic performances This is 
possible through making science edu¬ 


cation much more attractive and inter¬ 
esting for them Dcvelopmcnl ol popii- 
lai' science educational packages use ol 
various modes and channels ol conimn- 
nication, practising various models ol 
teachings suitable for science teaching 
in schools, development ol mtcgialc'd 
science cuiTiculiim lor general and siic- 
cial learners of significantly highci and 
lower abilities (general menial ability) 
etc. seems to be needed loi Ihis pur¬ 
pose, so that inculcation ol scientitic 
vision and outlook, reasoning and 
thinking abilities etc could bc' clcvi'l- 
oped among the students of science be¬ 
yond secondary level ol erlucalion 

Therelorc, it could be mentioned to 
conclude that all our educational 
endeavours should be made to incul¬ 
cate a scientilic imagination and oul- 
look among the students at higher sec- 
ondaiy levej. the basic ingredients in 
the way to develop proper and positive 
attitude towards science, so that they 
must not depend solely upon the rug¬ 
ged traditions, mysticism, .supernalu- 
ralism and superstitions, but on inde¬ 
pendent and logical thinking, rational 
analysis and logical reasoning 

Development of scientilic thinking 
ability among each and evciy lulurc 
citizen of India is the fundamental duly 
of all persons who are actively engaged 
in the field of scienc’e education Irom 
the very level ol primary slandard.s to 
the higher level institulions, lormal or 
informal 

Scienc'c, not only cnllivatcs scicn- 
tihc abilities and rationale.s but at Ihc 
same lime instills scientilic tennper and 
humanism, spirit ol enejiuiry, motivation 
for scientilic thinking ability develop¬ 
ment as well as acting, I'eeling and be- 
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having in a rational way etc,, which arc 
needed to achieve the above target. 
Therefore, to develop scientific attitude 
in a proper and desired way among 
learners and students of science to en¬ 
hance their achievement significantly. 


creation of interest and using ml crest¬ 
ing techniques of science teaching and 
learning are inevitable if we desire to 
lace the ever increasing and changing 
problems and challenges ahead during 
the forthcoming twenty lirst century 
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new landmark In the history of 
space science was made on Fri- 

_ day, the 4th July, 1997 

when the US Spacecraft — Mars Path¬ 
finder — made a soft landing on the 
, surface of the red planet Mars For the 


Americans it was a unique Indepen¬ 
dence day gift which falls on the louilh 
day of July The spacecraft was 
launched in space in December 1996 
and look nearly seven months to com¬ 
plete a journey of about 486 million 
kilometres The Pathfinder mission is a 
part of an ongoing quest for the search 
of extraterrestrial life besides probing 
deeper in to the atmospheric and geo¬ 
logical conditions of the planet in order 
to refine present understanding about 
the origin of planets and the univeise. 
This IS for the lirst time in the last 21 
years that a spacecralt Irom the Earth 
landed on the planet Mars 

The Mars Pathfinder project is one 
of the first Discovery class mission ol 
the National Aeronautical,Space Agency 
(NASA), USA It is the first of the ten 
planned flights to the Mars over I he 
next decade Another spacecraft, Mars 
Global Surveyor, is already on its way 
to orbit the planet in September 1997 
These are to be followed by another 
flights in the years 1998. 2001, 2003 
and 2005 

The landing of the Pathfinder prolic 
on the surface ol the Mars has liccn a 
spectacular event. The probe compiisi'd 
a single vehicle with a microrovcr (So¬ 
journer) carrying with it several instru¬ 
ments to collect data on various aspects 
of the Martian surface and to transmit 
the collected inlormation back to the 
Earth stations. At the time of its touch 
down on the Mars, the Pathfinder was 
cocooned in airbags with air-cushions 
all around it As soon as it first touched 
the surface of the Mars, it bounced 
wildly for three times to almost 15 
metres from the surface before coming 
to rest on boulder-strewn soil The 
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Pathfinder's blossom like petals covered 
with solar cells were exposed to the 
Sun’s rays as its covers got removed au¬ 
tomatically on landing. Within ninety 
minutes radio signals from the Path¬ 
finder confirmed its landing on the 
Mars Soon aftemards. the Pathfinder 
began to transmit 3-0 Images, with re¬ 
markable resolution and clarity, back to 
the Earth 

When the Pathfinder began to trans¬ 
mit images of the surface features of the 
Mars, it became the first spacecraft to 
do so since 1970s when NASA sent two 
Viking probes to the planet The main 
data collector of the Pathfinder mission 
IS the microrover or the Sojourner which 
can move in all directions and over all 
types of terrain on the surface of the 
Mars Its motion can be controlled 
through commands from the Eai'th sta¬ 
tion. Sojourner's mobility provides it the 
capability of "ground truthing" a land 
area over a few hundred square metres 
on the. Mars. To investigate the surface 
ol the Mars, the Pathfinder has been 
provided with three additional science 
instruments. These are, the Imager for 
the Pathfinder (IMP) which is a stereo¬ 
scopic imager with spectral filters on an 
extendible mast, an Alpha Proton X-Ray 
Spectrometer (APXS), and an Atmo¬ 
spheric Stmeture Instrument/Meteorol¬ 
ogy package (ASI/MET). These instru¬ 
ments will enable the probe to carry out 
invesligations on geology and surface 
morphology at sub-metre to a hundred 
nictrc.s si'alc, Ihc geochcmisliy and pe¬ 
trology of soils and rocks, the magnetic 
and mechanical properties of the soil as 
well as the magnetic properties of the 
dust, a variety of atmospheric investi¬ 
gations and rotational and orbital dy¬ 
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namics of Mars 

The data in respect of surface mor¬ 
phology and geology at metre scale is to 
be provided by the Imager for the Path¬ 
finder (IMP), It is envisaged that it will 
reveal Martian geological processes and 
surface-atmosphenc interactions simi¬ 
lar to what was obseiwed at the Viking 
landing sites Observations of the gen¬ 
eral landscape, surface slopes and the 
distribution of rocks are to be obtained 
by panoramic stereo images at various 
times of the day Any changes in the 
scene over the lifetime of the mission 
might be attributed to the action of the 
frost, dust or sand deposition, erosion 
or other surface-atmospheric interac¬ 
tions. A basic understanding of the sur- 
face and near surface soil properties is 
expected to be obtained by the rover and 
lander imaging of rover wheel tracks 
holes dug by the rover wheels and sur¬ 
face disruptions caused by airbag 
bounces or retractions 

The Alpha-Proton X-Ray Spectrom¬ 
eter (APXS) and the visible to near-in¬ 
frared spectral filters on the IMP will 
'enable the scientists to identify the 
dominant elements that make up (he 
rocks and other suriacc materials on 
the landing site. A better iindersland- 
ing of these materials will address Ihe 
questions concerning the compo.sition 
of the martial crust, as well as sei'ond- 
ary weathering products These inves¬ 
tigations will also provide a calibration 
point for the orbital remote sensing ob¬ 
servations such as Mars Global Sur¬ 
veyor The IMP is also designed to ob¬ 
tain full'mult ispeeti'al panoramas ol the 
surface and underlying materials ex¬ 
posed by the rover and lander, since, die 
APXS is mounted on the rover Thus, 
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the data received from the Sojourner on 
this aspect is expected to characterize 
rocks and soils in the vicinity of the 
lander. 

In order to study the magnetic prop¬ 
erties and soil mechanics of the surface, 
magnetic targets have been distributed 
at various points around the spacecraft 
Multispectral images of these targets are 
to be used to identify the magnetic min¬ 
erals which make up airborne dust In 
addition, APXS taking of the materials 
collected on the magnetic targets will 
enable the researchers to determine the 
presence of titanium and iron m the 
dust. It is expected that it would be pos¬ 
sible to infer about the composition of 
the rocks by using a combination of im¬ 
ages, and APXS measurements Detailed 
examination of the wheel-track images 
will be utilized to get a better under¬ 
standing of the mechanics of the soil 
suiTounding the landing site. 

The other important objective of the 
mission is to study the atmospheric 
structure as well as diurnal and sea¬ 
sonal meteorological variations of the 
planet The Atmospheric Structure In- 
strument/Meteorology (ASI/MET) ex- 
perlmeni has been designed to deter¬ 
mine the temperature and the density 
of the atmosphere during the Entry, 
Decent and Landing (EDL), In order to 
measure atmospheric pressure during 
this period, the spacecraft has been pro¬ 
vided with three-axis accelerometers 
Soon after landing on the surface of the 
Mars, the Sojourner began sending me¬ 
teorological measurements such as 
pressure, temperature, wind speed and 
atmospheric opacity. This data is to be 
collected on a daily basis To facilitate 
this data collection, necessary devices 


have been fixed on the Sojourner. For 
example, thermocouples mounted on a 
metre high mast will examine tempera¬ 
ture profiles with height while the wind 
direction and wind speed will be mea¬ 
sured by the wind sensor mounted on 
the top of the mast as well as by three 
wind socks interspersed at different 
heights on the mast A proper under¬ 
standing of this data is one of the es¬ 
sential requirements for identifying the 
forces which act on small particles car¬ 
ried by the wind on the surface of the 
planet. Regular sky and solai' ‘spectral 
observations using the IMP will moni¬ 
tor windborne particle size, parlicle 
shape, distribution with altitude and 
abundance of water vapour, 

A study of rotational and orbital dy¬ 
namics of Mars is anotherjibieetTve ol 
the Patlipmder Mission The Pathfinder 
Lander will utilize its Deep Space Net¬ 
work (DNS), by using two-way X-Band 
and Doppler tracking, to address a va- 
I'lety of questions related to the orbital 
and rotational dynamics of the planef. 
Ranging would involve sending of a 
ranging code to the lander on the Mars 
and measuring fhe time required for the 
lander to echo the code back to the 
Earth-based station. Dividing this time 
by the speed of light would enable the 
scienllpts to make an accurate mea¬ 
surement (within 1-5 metres) oJ the dis¬ 
tance between the Earth station and 
the spaceerall. The basic principle in¬ 
volved IS that as (he lander moves rela¬ 
tive to the earth station, the velocily 
between the spacecraft and the earth 
causes a shift m the frequency (doppler 
shift). Measurement of this frequency 
shift will provide an accurate measure¬ 
ment of the distance from the earth sta- 
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Uon to the lander. It is envisaged that I 
within a few months, such obsei-vations 
will provide enough data to determine 
the location of the Pathfinder lander 
within a few metres. Once the exact lo¬ 
cation of the lander is identified, calcu¬ 
lations to dclcrmme the orientation and 
precession rate (regular motion of the 
pole with respect to the ecliptic) of the 
pole would be undertalcen and the val¬ 
ues so obtained will then be compared 
with those obtained by the Viking mis¬ 
sion about 20 years ago The measure¬ 
ment of'the precession rate allows di¬ 
rect calculation for the moment of in¬ 
ertia, which m (urn controlled by the 
density of the Martian rock with depth. 

On Icai'ning about the laiiding of the 
Sqiourner on the surface of the Mars, 
the initial reaction of the people, par¬ 
ticularly ol the scientlllc, community, all 
over the world has been euphoric, if not 
hysteric The red planet has perhaps 
been the only planet favoured by a host 
of the science fiction writers and televi¬ 
sion serial makers who stretched their 
imagination to create many a mysteri¬ 
ous characters besides describing many 
ol lis fea tures with such a vivid details 
that common man had a number of pre¬ 
conceived notions about its mysterious 
inhabitants and geographical features 
The photographs transmitted by the 
Pathfinder lilew off these myths beyond 
doubi 

For the scientists too, the Pathjinder 
has revealed many new evidences to 
coiToborute or contradict existing 
knowledge, about the, surface features 
and rock formations of the planet. Wa¬ 
ter is present on the Mars has been de¬ 
bated for many years by the scientists 
but due to lack of convincing evidences 


it has remained a mere speculation. The 
first few images received from the So¬ 
journer has given signs of the existence 
of ancient water activity on the surface 
of the planet. Mission scientists while 
analyzing images, sent from 192 
kilometres away, are of the opinion that 
a light coloured vertical mark on a hill 
side could be due to an avalanche gully. 
According to them the horizontal fea¬ 
tures on another hill could be terraces 
cut by moving water while horizontal 
rock layers laid down m a lake or a 
bathtub ringUke feature left along a 
shoreline are indicators of water activ¬ 
ity. However, these initial mlerpreta- 
tions of the images of the planet are 
tentative and may have Lo be modified 
after making further detailed analysis. 
Another significant discovery made 
from the analysis of the first few images 
from the Mars which again is tentative, 
IS the suggestion that the life originated 
on the planet much before on the 
Earth, Some of the scientists have gone 
Lo the extent of suggesting that the life 
on the Earth has been transported from 
the Mars through meteors However, it 
may still lake a .few more years to con¬ 
firm these initial findings beyond doubt. 

Unfortunately the Sojourner met 
with an accident within a week of its 
landing on the Mars when it got stuck 
while negotiating over a big boulder. Al¬ 
though scientists at NASA are confident 
of overcoming this hurdle, it may ad¬ 
versely affect some of the experiments 
planned Ihrough the-project. Neverthe¬ 
less landing of the Pathfinder on the 
Mars has been one of the giant steps 
in the annals of space science. It will 
definitely open up new horizons in the 
field of astronomy and space science 
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oday, we try to solve most of 
our chemic^ problems on the 

_ basis of the mole and molar 

quantities. This Is in fact more ip prac¬ 
tice after the mole concept was consid¬ 
ered to be of fundamental importance., 


Coming to volumetric analysis in our 
day-to-day laboratory work, we have 
started doing work taking ‘molarity' as 
a basis rather than ‘normality’ In prac¬ 
tice so far. Does it mean that we have 
got rid of ‘chemical equivalent' or 
‘equivalence’? Answer Is obviously, ‘no’ 
Basic objective of putting ’equivalent’ is 
that one equivalent mass of a given re¬ 
actant will react with exactly one equiva¬ 
lent mass of another. But this 'equiva¬ 
lent mass’ Is not a fundamental quan¬ 
tity, The idea of ’equivalent mass’ can 
be obtained from molecular mass. 
Former (equivalent mass) may vary de¬ 
pending upon the reactions whereas 
molecular mass (molar mass) always re- ' 
mains the same. This is the reason that 
these dpys even in volumetric analysis, 
we have started using molarity instead 
of normality. 

Defining Equivalence and Equivalent 
Maaa 

Generally, there are two types of reac¬ 
tions for which equivalent masses are 
defined (1) neutralization reactions in 
case of acids and bases and (ii) redox 
reactions. 

The mass of one equivalent of a 
compound is called its equivalent mass 
In general, 

, , molar mass (m) 

Equivalent mass (Eq) =-r- 

..( 1 ) 

where the value of ‘a’ depends upon the 
type of reaction considered How to cal¬ 
culate the Vcdue of ‘a’ is Illustrated in 
the following examples. 

(1) For neutralization reactions: Equivalent; 
masses are based on the fact that one 
H'’^ (acj) ion reacts with one OH (aq) ion. 
One equivalent mass of an acid isthe 
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amounts of the acid that supplies one 
mole of Ph (aq) Ions, and one equivalent 
mass of a base is the amount of I he base 
that supplies one mole of OH - (aq) ions. 
The value of‘a’ In equation (1), therefore 
is the num.ber of moles oJH* (aq) ions sup¬ 
plied by one mole of the acid or the num¬ 
ber oj motes of OH' (aq) ions supplied by 
one mole of the base in the reaction under 
consideration. For example, 1 mol ofH^SO^ 
furnishes 2 mol of H* (aq) ions, therefore 
‘a’ will be 2 for H,SO, 

(11) For oxidation-reduction (redox) reac¬ 
tions' Here, equivalent masses are 
based on change In oxidation number. 
In a redox reaction, the increase In oxi¬ 
dation number of one element must 
equal the decrease in oxidation number 
of another.' An equivalent is defined in 
terms of change in oxidation number of 
one unit (unit here means per atom or 
molecule or ion in redox system), ‘a* in 
equation (1) is the total change in oxi¬ 
dation number (either up or down) that 
the atoms in a formula unit of the com¬ 
pound undergo in the reaction under 
consideration. Now let iis consider two 
reactions of KMnO^ . (a) oxidation of 
ferrous sulphate by KMnO^ in acidic 
medium, and (b) oxidation of ethylene 
by KMnO,j Reactions can be wntten as. 

(a) 5Pe^^ + MnO-^ + 8 

-a 5Fe3+ + Mn^" +4HjO 

(b) SCHj-CH^ + 2 KMn 04 + 4 H 2 O 

SCHjOHCH^OH + 2Mn02 + 2KOH 

The equivalent mass of KMnO,, for 
a reaction in which the MnO",, ion is re¬ 
duced to ion (where change In oxi¬ 
dation number of Mn is 5 ), is the for¬ 
mula mass of KMnO^ divided by 5 The 
equivalent mass of KMnO^ for reacUon 
(b) in which the MnO'^ ion is reduced 
to MnOj (where a change In oxidation 


number of Mn is 3). is equal to formula 
mass of KMnO^ divided by 3 

This aspect can be further high¬ 
lighted by defining - equivalent mass kj 
more specific manner. An equivalent 
mass of on oxidizing or reducing agent 
in a redox reaction is the mass of that 
substance that gatns or loses 1 mol of 
electrons. This definition ensures that 
one equivalent mass of an oxidizing 
agent reacts with ''exactly one equivalent 
mass of a reducing agent. As stated 
earlier, the value of ‘a’ for an oxidizing 
agent or for a reducing agent is Just tl^e 
total number of electrons gained or lost 
by one formula unit of the substance. 
Now, let us take a specific example, of 
calcium lodate, CallOg)^ in which 
ion is converted into iodide ion, I* after 
reduction, 

10-3 I- 
(5+) (-1) 

The oxidation number of iodine in Ca 
(lOg)^ or in IO‘g iofi is +5 and in I' it is 
-1. Change in oxidation state per iodine 
atom IS 6 . Therefore total change in oxi¬ 
dation state per formula unit of Ca(IOg)j 
IS 12 as there are two iodine atoms. It 
can also be expressed in terms of elec¬ 
trons In reduction of lO'g ion into I" 
ion, each iodine changes by 6 e‘ Since 
ih formula unit of Ca(I 03)2 there are two 
iodine atoms therefore total number of 
electrons involved will be 12 Thus, in, 
this reaction, ‘a’ is equal to 12 There¬ 
fore, 1 molar mass of CallO^l^ is equal 
to 12 equivalent mass of CadOj)^., 
Therefore, the equivalent mass of 
Ca( 103 ) 2 is 1/12 of the mass of a .mole 
of calcium iodate or Equivalent mass 

of Ca (IO 3 ), = mass of 1 mol ofCa (lOj ^ 





normality and molarity in 

ACID-BASE AND REDOX REAC'HONS 


This can be further illustrated by 
taking another example of reaction be¬ 
tween iron (II) sulphate and potassium 
dlchromate in acidic medium. The bal¬ 
anced ionic equation of the peactlon is 
written as 

6Fe^* (aq) + Cr^O^', (aq) + 14H*' 

6Fe^++ 2Cr’" + THjO 

-q^ow for calculating equivalent mass of 
K^CrjO,, one has to examine the con- 
I version of Cr„0®"into Cr^'- ion 1 e. 


Cr,Of 

(oxidation state 
of Cr Is +6) 


2Cr^* 

(oxidation slate 
of Cr is +3) 


Here oxidation state of Cr changes from 
+6 to +3 i.e a change of 3 But since 
there are two chromium atoms in chro¬ 
mate Ion, total change in oxidation 
state per formula unit of potassium 
dlchromate is 6 Therefore value of ‘a’ 
for the above reaction will be 6, 
Therefore, equivalent mass of K^Cr^O, 

_ molar mass of potassium dichromate 

■1^' - “9 8/=qulvalenC 

Molarity and Normality and Their 
Relationship 

The molarity, M of a solution is ex¬ 
pressed as the number of moles of a 
solute per litre of a solution. Suppose 
n mole of solute is present in V litre of 
a solution, then 

M= ? mol per litre =r^molL-' 

V litre V V 

Similarly, normality, N, of a solution 
is expressed as number of equivalents 


of a solute present in one litre of a so¬ 
lution, 

_ number of equivalent 
volume in litre 

Suppose w gram of a solute is 
present in V litre of a solution, m is' 
molar mass and ‘Eq’ is equivalent mass, 
then 

, wgram/(molar mass,m) 

Molarity, M= - y litre - 

and normality, 

M _ w gram/(equivalent mass, Eq) 
V litre 

Further, 


_ w/Ec 
M " V 


_ m (molar mass) 
equivalent mass 


= a (using equation 1) 
Therefore, N =a M .. (5) 

or Normality = a x, Molarity 

Suppose we cohsider a substance A 
The number of equivalents of A, in 
sample of solution of A, e^, can be ob¬ 
tained by multiplying the volume of the 
sample, (m litres) by the normality 
of the solution, N (which is the num¬ 
ber of equivalents of A m one litre of 
solution) 

~ (here is in litres) 

Similarly, if another substance B is 
considered, then, 

e = V N 

By design, e^ = e^ 

and therefore, , (6) 

Since a volume term appears on 
both sides of equation (6), therefore, 
any volume unit can be used to express 
and For example, if we take 
in mL (millilitre) then Vg also should be 
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In millilitre or if we take in litre (L) 
then also should be in litre. 

Taking help of equation (5), equa¬ 
tion (6) can also be written as 

or In a more simplified way, we can 
write, 

a,M,V, = a,M,V, ..(7) 

For further illustrating this, we can se¬ 
lect a numerical problem; 

What is the molarity of a solution 
of HjSO^ if 50.00 mL of solution re¬ 
quires 37 52 mL of 0.1492M N 'Oil for 
complete neutralization. 

Now If we apply equation (7) 

a,M,V, = a,M,V, 

We find a, for NaOH will be 1 as 1 
mol of NaOH is 1 equivalent, and a^ for 
H,SO, will be 2 as 1 mol of H„SO, is 2 


Thus Uj M| V| 

1 0.1492M 37.52mL 

a, M„ V., 

2 ? SO.OOmL 

Therefore, 

a, M, V, = a,M,V, 

or 1 X 0 1492M x 37.52mL 

= 2 X X 50.00mL 

1 X 0,1492M X 37.52mL 

M^= - 

2 X 50 OOmL 

- ...05596M = 0.056 M 

Thus, taking molarity of the solu¬ 
tions for all our volumetric analysis is 
more convenient than taking normality. 
By doing this, students appreciate the 
basis of normality which is different for 
different reactions for the same sub- 





Science Hews 



Indian Scientists Develop 
Nuclear Detector 

Indian scienlisLs have achieved a ma¬ 
jor scientific breakthrough in the field 
of nuclear physics A team of scientists 
at the Variable Energy Cyclotron Cen¬ 
tre (VECC), Department of Atomic En¬ 
ergy (DAE), Calcutta have successfully 
developed a "nuclear detector". Many 
universities and national institutes 
have collaborated with the VECC in ac¬ 
complishing this feat through painstak¬ 
ing research and development spread 
over a number of years. According to 
the leader, of the research team Dr. 
Vikash Smha, director of VECC and 
Saha Institute of Nuclear Physics, the 
nuclear detector is now at the European 


Accelerator Laboratory in Geneva 
The delector, first of its kind at Ihe 
Geneva laboratoiy, is capable of dclecl- 
ing light particles that result from the 
collision between two atomic nuclei at 
velocities almost close to the velocity of 
light. The success has been acclaimed 
to be ingenious and original by many 
scientists active in this field. Dr PK 
Iyengar, former Chairman of the Atomic 
Energy Commission described it as an 
excellent example ofwhal Indian scien¬ 
tists can achieve The project has been 
adjudged as ingenious, oiigmal and at 
par witlj the rest of the world by France ^ 
based physicist Hals Gutbrod 

INSAT'2D Satellite Launched 

India’s foLirlh commercial and second 
generation telecom satellite, INSAT- 
2D, was successfully launched from 
Kourou in French Guyana on Wednc,s- 
day, 4 June 1996 According lo the 
scientists at the Indian Space Re¬ 
search Organization (ISRO), the satel- 
’lite was placed in a near earth orbil 
soon after its launeh in which it takes 
about ten and half hours to go onte 
around the earth After a number of 
successful manoeuvers, the satellite 
was finally placed in its predetermined 
parking slot close to its predecessor 
INSAT-2C after about thirty days ofils 
launch 

A number of tests are Lo be carried 
out to ensure proper functioning of 
vahous components and systems of the 
satellite before it is put to commercial 
use Once the satellite INSAT-2D be¬ 
comes fully pperatlonal it is envisaged 
that it udil usher the cniinlry^ in an era 
of comiiiuniCcilion revolulioii The sat- 
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elliLe has been designed to provide an 
additional 21 high power transponders 
and two exclusive facilities to the Indian 
space segment. 

The ISRO is now set to consolidate 
its experiences and expertise to further 
boost nation's image as an emerging 
space super power. It had planned to 
launch indigenously its first operational 
remote sensing satellite from Indian soil 
by the end of 1997, The Polar Satellite 
Launch Vehicle (PSLV), developed and 
successfully tested by (he ISRO earlier, 
is scheduled to blast off from the 
Snharikota canying it the remote sens¬ 
ing satellite IRS-ID India has already 
established its name in the field of re¬ 
mote sensing, The data gathered by Its 
existing remote satellite IRS-1C is be¬ 
ing utilized by a number countries in¬ 
cluding developed ones 

The ISRO had also made significant 
advancement in the development of 
cryogenic engines to be used in its Geo¬ 
synchronous Satellite Launch Vehicle 
(GSLV). According to Dr. K. 
Kastunrangan, Chairman, ISRO and 
the Secretary, Department of Space 
(DoS), the department had an outstand¬ 
ing track record in building 1000 kg 
remote sensing and 2500 kg multipur¬ 
pose INSAT class satellites as also rock- 
eis that can put IRS class satellites in 
an eailh orbit In the next phase of con¬ 
solidation' of its space programme, 
ISRO’s plans include launching of Iwo 
more advanced INSAT satellites for re¬ 
mote sensing and communication and 
to build up commensurate launch ca¬ 
pability besides development of the first 
of the third-generation lNSAT-3 space¬ 
craft, and two more remote with sens¬ 
ing satellites. All these satellites, except 
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INSAT-2E, are expected to be launched 
from India. Once this is accomplished 
India will no longer be dependent on 
loreign countries for launch operational 
facilities for its spacecrafts, 1NSAT-2E, 
the last in the senes of second genera¬ 
tion Indian spacecraft buili by ISRO, 
will be launched from Kouroii in 1997- 
98, 

The first of the future remote sens¬ 
ing satellites, IRS-P4-Ooeansat is ex¬ 
pected to be launched in 1998-99 fol¬ 
lowed by IRS-P5-Cartosat in 1999- 
2000 The plans for the development of 
the next generation lNSAT-3 series had 
been finalized by the ISRO AL the same 
time work has also began on the G-SAT 1 
senes of satellites to be launched by de¬ 
velopmental flights of Geosynchronous 
Satellite Launch Vehicle (GSLV). The 
satellites launched through GSLV 
flights are to be utilized for digital au¬ 
dio-visual broadcasting. Tins broadcast- | 
mg system is envisaged to aid long dis¬ 
tance education, low cost messaging, 
tele-medioine and wide band seiviccs 
Boosting of personal mobile satellite 
communication and navigation systems 
are also on the agenda of the ISRO’s 
future satellite projects. 

Scanners to Identify People 
by Hands, Eyes or Voice 
Developed 

In modern societies an individual is of¬ 
ten asked to establish his or her iden¬ 
tity e.g in banks, at the time of mi¬ 
gration or voting Signatures, altesled 
photographs, finger prints eu'e some of 
the modes which are commonly used 
for this purpose In the recent past the 
number of situations in which a person 
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IS expected to establish his or her iden¬ 
tity has gone up many fold The search 
for a footproof, quick and reliable 
method of identification has been go¬ 
ing for some time. Scientists have now 
come out with a technique which ful¬ 
fills this requirement These devices are 
based on the fact that certain features 
of every individual are unique to him or 
her, For instance, the structure of the 
iris, the patterns on the palm or the fin¬ 
ger or certain characters of the voice of 
a person does not change with age. 
These "biometry identity" devices main¬ 
tain a record of the characteristics of 
individuals in a computer and compare 
them at the time a person presents 
himself for identification 

The new class of futuristic gadgets 
will just scan a person’s eyes, hands or 
voice and instantly verify the identity of 
the person The future automatic teller 
machines (ATM) in banks are likely to 
pan a camera across one's eyeball to 
verify his identity. Similarly, for main¬ 
taining the record of the arrival and de¬ 
parture time of workers in an organi¬ 
zation, just pressing one's palm on the 
surface of the device will be sufficient. 
A voter in future may just have to speak 
a few words before a microphone to es¬ 
tablish his or her identity, 

World’s Fattest Rats Created 

Scientists at the National Institute of 
Nutrition (NIN), Hyderabad has been 
successful in developing a colony of 
rats which perhaps are fattest in the 
world. Each of these rats weighs on an 
average 1 4 kg as against the normal 
300 gram Biomedical researchers in¬ 
tend to utilise this new strain of over¬ 
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weight rats as 'models’ to develop 
cures for obesity and diabetes, the two 
major problems allhctmg people all 
over the world 

According to Dr. N V, Gindharan of 
the NlN's laboratory animals informa¬ 
tion centre what they have obtained is 
a pure strain of obese rats having im¬ 
mense potential in facilitating biomedi¬ 
cal research The strain of lat rats have 
been created through selective breeding 
spread over a couple of years. Breeding 
the fat rats has not been an easy task 
for Gindharan and his colleague These 
were developed from the natural mu¬ 
tants that had evolved through in- 
breeding of the "wistar" rats maintained 
by the NIN for the last 75 years. The 
first step involved was to spot and iso¬ 
late the mutants and then selectively 
breed them in large numbers. The 
present lot of about 400 fat rats main¬ 
tained at the NIN are in the 11 th gen¬ 
eration. Breeding fat rats had not been 
an easy task as the males turned out 
to be infertile and the females had de¬ 
layed puberty Only rats which were 
"carriers" of the genetic mutation had 
to be mated to establish the colony. 
Identifying the earners had been com¬ 
paratively easy as the rats cairying obe¬ 
sity genes had "kinky" tales. These fat 
rats has been named Wwn-ob. 

According to Giridharan, among the 
fat rats, there is a group of animals 
which has "impaired glucose tolerance" 
These will be, excellent experimental 
models to develop drugs for treating 
diabetes associated with obesity. The 
next step in this line of research would 
be to analyse the genetic matenal of the 
fat rat to identify and localise the spe¬ 
cific genes for obesity and impaired glu- 
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cose tolerence Scientists believe that 
identifying and cloning of the specific 
genes could lead to the development ol 
cure for obesity but it would involve lot 
of money and time Scientists at the 
National Institute of Health of the 
United States of America have shown 
interest in collaborating with the NIN in 
this phase of research. 

In addition to facilitating research, 
the fat rats developed by the NIN may 
also prove to be source of revenue gfen- 
eration for the institute, The fat rats of 
the NIN are claimed to be genetically 
purer than the Zucher and Koletsky rats 
available for the purpose of medical re¬ 
search, This because these two variet¬ 
ies were developed from "out bred" 
slocks and therefore are genetically less 
purer than NIN's strain developed to¬ 
tally from Ihe inbred colony At present, 
each Zucher rat is sold for a few hun¬ 
dred dollars and the companies which 
sell them make sure that they are not 
used for breeding NIN's fat rats may 
break this monopoly 

Gamma Knife Facility 
Installed at AIIMS 

All India Institute of Medical Sciences 
(AIIMS), New Delhi has acquired a so¬ 
phisticated Leksell Gamma Knife facil¬ 
ity. The facihly will be utilised for the 
trealmenl of vascular mallormations 
and small tumours of the brain with¬ 
out surgical intervention. At present 
only two centres have this laeiliLy in the 
south Asian sub-contment, the other 
being PD Hmduja National Hospital in 
Mumbai 

The gamma knife was developed 
nearly thirty years ago by the Swecl- 
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ish neurosurgeon Lars Leksell, Since 
then many improvements and modi¬ 
fications have been carried out m or¬ 
der lo lurther refine it It has been ac¬ 
cepted by the medical world as tech¬ 
nical aid for about a decade or so 
A gamma knife is a device which 
locusses 201 weak beams, from dilfer- 
ent directions, precisely to achieve a 
high level of radiation at the desired 
point. This destroys the vascular mal¬ 
functions or the tumour, thereby ab¬ 
lating it'or arresting its growth The 
procedure involves lixing a stcreolac- 
Lic frame onto the head ol the patient 
and conducting a diagnosis — CT scan 
or an angiogram The (argcl liiinour 
IS identified and localised by reading 
the coordinates Highly advanced 
computers arc used l^or devising the 
treatment plan by calculaling the ra¬ 
diation dose and direction. The whole 
procedure takes a tew hours and ra¬ 
diation time just about 20 to 30 min¬ 
utes Compared to the conventional, 
invasive, neurosurgery, the Ireatmcnl 
with a gamma knlte involves a shorler 
hospital stay and negligible morbidity 
and mortality 

The name gamma knile is somc- 
lyhat misleading because it is nol a 
knife in oonvenlional sense. It provides 
an intense and sharply locussed beam 
ol gamma radiations which can destroy 
(remove) a vascular mall'ormation or a 
tumour just like a knife. The biggest 
advantage it provides is the precision 
and accuracy which arc very Important 
m neurosurgery. The gamma kmk' has 
’ ftillillcd a long cherished desire ol 
neurosurgeons Lo acquire a tool lhal 
may provide the precision and accuracy 
1 required in neurosurgery. 
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Comet and Asteroid Special¬ 
ist Shoemaker is Dead 

Eugene Shoemaker, co-discovercr of the 
Shoemaker-levy 9 comet that crashed 
into Jupiter in 1994 died on July 18, 
1997 in a car accident in central Aus¬ 
tralia He was 69. His wife and long 
Lime scientific collaborator, Carolyn was 
also injured in the accident 

Shoemaker did pioneering work on 
the Barringer Meteor Crater near 
Winslow in Arizona and proved that it 
was the result of a strike by a meteor 
that exploded upon impact He was one 
of the earliest to propose the idea that 
asteroid or coniet impacts may have 
caused mass extinction — including the 
one that wiped out the dinosaurs. He 
IS considered to be the creator of the 
concept that Earth and the planets are 
pummeled by asteroids and comets. 

In 1973. shoemaker and his wile 
Carolyn began a survey of asteroids 
that cross Earth’s orbit in order to tiy 
to discover the threat they pose to the 
Earth now. In the process they discov¬ 
ered more than 800 asteroids Their 
best known discovery, however, was the 
fragmented comet that plunged into 
Jupiter which the scientists could 
watch m nearly real time With the un¬ 
timely death of Shoemaker, the world 
has lost one of its pioneering specialist 
on comets and asteroids 

Antibiotics Cut Heart Attack 
Risk 

A team of cardiologists have found that 
killing off a pneumonia causing 
bficleium in an Infected cardiac patient 
reduces the risk of a second heart at¬ 


tack The results of a pilot trial earned 
by the team comprising Dr. Sandeep 
Gupta and colleagues at St George Hos¬ 
pital Medical School, London has been 
published in the Journal Circulation 
Their findings suggest that antibiotics 
could become a cheap treatment for 
some types of heart disease. 

The present study has been a se¬ 
quel to the detection, by researchers 
last year, of a bacterium called Chlamy¬ 
dia pneumoniae In the arterial block¬ 
ages ol 75% of the patients wilh alh- 
erosclerosis or partially clogged arter¬ 
ies Dr Gupla and his colleagues rea¬ 
soned that li the organism were some¬ 
how causing blood clot, then killing 
Chlamydia pneumoniae by antibiotics 
might cut a patient's heart attack risk 

Pursuing their line of argument. Dr 
Gupla and his learn measured the 
blood levels of antibodies to Chlamydia 
pneumoniae in 213 male patients who 
had previously suffered a heart attack 
Eighty of these patients had high anti¬ 
body levels, presumably Indicating a 
more serious chlamydia infection The 
researchers treated half of these pa¬ 
tients for three days with azithromycin, 
and antibiotic that wipes out chlamy¬ 
dia infection Eighteen months later, 
only 8% oJ the treated men had suflered 
another heart attack or other serious 
cardiac event or had diecb in contrast, 
28% of those who were untreated or 
given placebos suffered another such 
consequences Among the 59 men who 
initially had no chlamydia antibodies, 
the rate was 7% 

These results have been described 
as provocative by other researchers 
working in this field. However, they 
. have suggested that a larger study 







should be undertaken to prove the ben¬ 
efit of treatment and to determine 
whether it also helps patients who have 
not already suffered a heart attack. 

If azithromycin proves to be a treat¬ 
ment for heart disease, it could be pai'- 
ticularly benelicial in developing coun¬ 
tries like India where the rate of heart 
disease is rising very fast and the 
present mode of treatment Involving 
bypass surgeiy and balloon angioplasty 
are beyond the reach of a large num¬ 
ber of patients being very expensive Dr. 
Gupta, however, cautions that (he an¬ 
tibiotics might not be effem . in all 
types of heart attacks and therclore the 
best strategy for preventing heart dis¬ 
eases will still be to avoid the big risk 
lactors — smoking, lack of exercise and 
improper diet. 

Predators Maintain the 
Balance 

The reason behind the same kind of 
animals appearing in dilTerenl colours 
in nature is usually the .environment. 
But it has been found that the red and 
green alphids live side by side in the 
same alfalfa lielcls Why doesn’t natu¬ 
ral selection weed them out one kind of 
hues? John Losey, an antmotologist at 
the University ol Wisconsin, Madison. 
USA and his colleague have found an 
answer to this question. According to a 
I'eport published In 'Nature', Losey 
claims LhaL 11 is because the two 
alphids’ major predators have dllfcrent 
liking for different colours. 

In order to find out why both red 
and green alphids survive, the team of 
researchers led by Losey looked at how 
the two enemies of pea alphids — la- 
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dybug and wasps — affect the popula¬ 
tion They sampled lOQ allalfa stems In 
eight similar locations every day for one 
whole summer They counted the num¬ 
ber of red and green alphids, ladybugs 
and mummified remains of alphids 
parasitized by wasp larvae. They discov¬ 
ered that the predators had distinct 
preferences — ladybugs being partial to 
red alphids and wasps to the green 
alphids. 

The result is that the two predators 
keep the colour balanced, With lady- 
buns eating the red alphids and wasp 
larvae parasitizing the gnecn, neither 
form dominates the population and 
sui-vive. The finding supporLs the idea 
of conseiwing whole ecosysLcm — in¬ 
cluding predators — rather than ]usl 
single species 

Alzheimer's Mutations 
Linked to Cell-death Process 

A group ol researchers led by Rudolph 
Tanzi, director Genetics and Aging Unit' 
at the Massachusetts General (MGH), 
USA have discovered that two genes as¬ 
sociated with early onset Alzheimer's 
disease are involved in programmed 
cell death a natural proce.ss in which 
unncecled or worn out cells eomniit sui- 
ride Their study have also shown that 
an Alzheimer’s-causmg mulalion iii one 
of these genes increases the property ol 
nerve cells to undergo the cell-dealh 
process, which Is also called apoptosis 
Reporting about their work in Ihe 
)ournal 'Science?', (he researchers have 
described their studies of the protein 
products of two genes called 
presenilins. According to Dr Tanzi the 
study directly and clearly, connects 
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I these Alzheimer's genes with apoptosis, 
which has long been suspected as a 

I mechanism in several neuro-degenera- 
tive diseases 

I As a result of this study, both the : 
types of presenilms now join a select 

I group of proteins which help bring 
about cell death In the brain, this pro¬ 
cess usually takes place during early 
growth, when extra neurons (brain 
cells) die to assure proper development 
It has been hypothesized that in older 
individuals the cell-death pathways be¬ 
comes reactivated in certain neurons, 
especially in the regions affected by 
Alzheimer’s, While mutations in these 
genes appear to speed up this process 
and cause early-onset Alzheimer's, en¬ 
vironmental factors could set off the 
process in sporadic cases of the disease 
Thus, the discpvery creates an excellent 
target for new drug development 

Presemlin (PS) 1 (which is located 
m chromosome 14] and PS2 (which is 
located in chromosome 1) were both dis¬ 
covered in 1995 When mutated, PSl 
(which IS also called S182 and STM-1) 
IS believed to cause roughly 50% of in 
heritence, eaily-onset Alzheimer's, while 
PS2 (also called STM-2] is associated 
with a much smaller proportion De¬ 
fects in both genes are directly caus¬ 
ative, anyone who inherits a mutated 
lonn of the gene is destined to develop 
(he disease, usually before the age of 
65, 

When apoptosis takes place, many 
ol the proteins that make up a cell are 
clipped apart by certain enzymes csilled 
caspascs Although clipping proteins 
into smaller fragments is a normal part 
ol cellular metabolism, apoptosis-asso- 
Oiated clipping lakes place at alterna¬ 


tive locations along the protein strand, 
changing the moleculai' message carried 
by the protein and eventually leading to 
the cell’s death. The new findings sug¬ 
gest that presemlin proteins are cell- 
death subtrates — proteins that are 
clipped by the caspases to cany out the 
process of cell death. 

To confirm the presemlin proteins' 
cell-death role, the MGH researchers 
analysed the proteins produced by cul¬ 
tured neurons under normal conditions 
and after apoptosis was induced by 
substances that trigger the process 
They identified the sites at which both 
presenilms were clipped in normal cel¬ 
lular processing by isolating the two 
fragments the original proteins were cul 
into When cells undergo apoptosis, the ' 
researchers found, bolh presenilms are 
clipped in alternafive locations, prOcluc- 
ing different protein fragments that 
contribute to the cell-death process 

Tanzi believes that the developmenl 
of the drug that interleres with the 
caspase-induced alternative clipping ol 
presemlin proteins might delay or pre¬ 
vent the progression of Alzheimer’s 

Alterations in the Chemical 
Pathways of Cells Made Pos¬ 
sible 

If is well known that the bacteria de¬ 
velop resistance to conventional antibi¬ 
otics after some Lime The antibiotics, 
therefore, have to^ be roniinuously re- 
plaeed or modified to be elfective on the 
new resistance variety of bacteria. Sci- 
entisls have been iiying to evolve tech¬ 
niques which may enable (hem (o de¬ 
velop new versions of the old wondcr 
drugs. However, the complex molecular 







archil et'lure of many of these antibiot¬ 
ics had proved to be extremely difficult 
parameter to synthesize new versions 
A group of biochemists in a report pub¬ 
lished recently in the journal Science, 
have described a way to hijack the an¬ 
tibiotic-producing chemical pathways ol 
the bacteria, and exploit them to pro¬ 
duce a wide variety of new compounds. 

Bacteria manufacture their cellular 
producls with an assembly line of some 
30 enzymes. But in the natural world, 
that process Is limited to molecular 
building block at hand in the cell The 
present day chemists arc capal le of 
producing far richer array of building 
bloi'ks than is possible in natural world. 
So Chaltan Khosla, a chemical engineer 
at Stanford University, and his col¬ 
league decided to give bacteria some 
new building blocks to work with, 

The researchers started wilh slrep- 
lomyces codicolor, an organism that is 
easy to manipulate genetically They 
had previously engineered the bacte¬ 
rium to express the entire senes of 
enzymes needed to make the common 
antibiotic erythromycin, Using con¬ 
ventional genetic engineering tech¬ 


SCHOOL 

SEFfEMBER 

SCIENCE 

19 9 7 


niques they disabled the third enzyme 
in the series, preventing it from stitch¬ 
ing togelher a single six-carbon chain 
According to Khosla, this is the most 
crucial step in the entire process, 

To reslart the assembly line, the re¬ 
searchers siibsliiuted synthesized mol¬ 
ecules slightly dilferent from the six- 
carbon chain These stand-ins were 
taken up by a subsequent enzyme and 
passed 'along until a final new com¬ 
pound emerged at the end of the as¬ 
sembly line, Khosla asserts that these 
enzymes seem to be veiy tolerant lo us¬ 
ing new wsubstrates which is quite en¬ 
couraging for‘making novel natural 
products, A linal processing step at the 
end Lo add sugar group converted these 
products into active antibiotics. 
Biochemists are quite optimistic 
that this research would open the door 
of making a bunch of new molecules 
quickly However, they are not equally 
optimistic that the technique could be 
scaled up for iiidustrial production be¬ 
cause the building block for the analogs 
must be spccilically synthesized, which 
can be both time consuming and ex¬ 
pensive. 





Book Review 


By P N Arora published by SuUan Chanel 
and Sons, New Delhi 110002 (lOlh Edi(ion), 
pp 1050, Rs, 140 



Iwo eminent teachers ol Matheinalics 
For their contributions towards the 
book, which shows the atnoiinl o( cl- 
Iqrls made by all ol' them to prepare a 
consolidated simple, and cnmplclc book 
for the student to understand the sub- 
jecl and to practice The author riqhtly 
believes "Mathematics without prac¬ 
tice is blind, practice without theory 
is sterile". 

The book is divided into 11 chap¬ 
ters, each chapter is a small book in 
itsell with number of page.s r.infimii 
from 58 to 146 

A large number ol queslions are 
taken from DSSK and AISSK and many 
of Ibcm have been solved too Lauje 
nuinbci of queslions on delenmnants | 
have been solved The question no, 24 
on page 1 89 .should have been written 
explicitly as r g gD 
Show that : A = , o 


The book 'Fundamenttds of Mathemat¬ 
ics’ IS written by Dr. PN. Arora, This 
huge, magnanimous book is publi.shed 
by Sultan Chand and Sons and costs 
RvS,140 The author has acknowledged 
contributions of not less than thirty- 


satislies the equation 

A^ - 3A - 71 = 0 

and hence find A"' 

Elementary row Iransrunnation has 
also been added. Graphs ol dillcrciil 
functions have been given m detail and 
explained very tlroroughly 

Since convergency and du'crgcmcy 
of I he senes is not m Ihe syllabus ol 
+2, il would be better if an allri nalive 

method of getting — x" be given on 
page 3 10 ' 

Most ol the chapters arc veiy well 
writlen, In the chapter on 'Malnccs and 
Deterininanls'. the author has dividi'd 
chaplcrs by starting witli dclinition ol 
various types ol matrices, tlieii basir' 
Operations, etc [n 3 D liolh CarlevSian 
and vector approach have been lol- 
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lowed. In Corrclalion and Regression. 
Lhe anlhor has given Lhc relation be¬ 
tween regression analysis and rorrela- 
llon analysis so that the students may 
understand the ideas of correlation and 
regression more clearly. Rank method 
ol finding the correlation is also given 
which may be useful to the students of 
othe’r stciles whefever it is in the sylla¬ 
bus Some misprints are, however, here 
and there, but I hope these will be re¬ 
moved in the next edition 

In all an extensive work has been 
done 111 bringing' out the book and ef¬ 
forts have been made to present ‘one 
book’ which can act as a text reference 
and practice hook for the students The 


book i.s also meant for those who arc 
motivated Lo study malhemaLics as a 
.specialised discipline at an arlvanc.ed 
level and intend to appear lor Class Xl] 
examination of various Boards' II will 
help the students who plan to study 
Engineering and are preparing lor vari¬ 
ous entrance ■ ' '"he hook 

deserves a ph , and Se¬ 

nior Secondary School Library and per¬ 
sonal book-shelves of studeuls 

Dr B Deokinanuan ' 
Reader in MaihemaUcs 
DeparlmenL of Ediicaiion 
m Science and Mathcmaiics 
NCERT, New Delhi 110 016 | 
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many roiintnes More than one million 
people die in Al'nra, In India alone 20 
Lo 30 million people sufler from malaria 
every year In spite of continuous ad¬ 
vances in malariology, and advances in 
public health services, il is still caus¬ 
ing havoc taking heavy toll ol life and 
inflicting severe damage to the health 
of the people Malana is one ol the most 
important causes of economic misfor¬ 
tune, engendering poverty, diminishing 
the quality of food supply, lowering (he 
physical and intellectual standard ol 
the nation It also harms economic 
progress in every way 

Human fight against malana is a 
unique story This is a long sloiy 
spreading over two thousand years with 
many ups and downs It is an example 
of how finding solutions lo a long 
standing problem ol such a magnitude 
requires combined efforts ol every 
branch of science—medicine, biology 
and chemistry as well as organised 
health services, social action groups, 
and above all strong political will. 
Whenever a lavourable combination 
could be achieved, the control of the 
disease seemed at sight And in fact, it 
has been eradicated from a large pari 
of the globe Slackness in any one re¬ 
spect or more has caused reversal of 
greater magnitude. In this article, how¬ 
ever. we shall restrict ourselves mainly 
to the bioscientific aspects of the story 
depicting the nature of science and his¬ 
tory of ideas It might also illustrate 
how the knowledge of one period be¬ 
comes a myth later in history and how 
science progresses gradually 

Till less than a century ago occur¬ 
rence of malana was spread over all 
continents In the old world it has been 
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or plague, nor to speak of AIDS. It is 
estimated that during the Second World 
War, more American soldiers in the far 
east died of malaria than that killed by 
the human enemy It still remains the 
number one public health problem in 


alaria has been one ol the big¬ 
gest killer diseases in the his- 
toiy of humanity Not cholera 
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a menaoe in the south and southeast 
Asia, Japan, northern Australia, south¬ 
ern Russia, Great Britain, continental 
Europe and almost all inhabitat areas 
of Alrlca In the western hemisphere 
malaria was preponderant from central 
vSouth America to the southern fringes 
of Canada Today whole of North 
America, Europe and a large part of 
South America are almost free of ma¬ 
laria, All ancient civilizations namely 
that of China, Egypt, Greece, India, Iraq 
and Italy were plagued by Malaria It is 
said that Alexander the Great of 
Macedonia died of the disease Some 
believe that decline of Greek and Ro¬ 
man civilizations was partly caused by 
malaria 

Symptoms of Malaria 

Usually malaria is characterized by a 
high fever with feelings of cold, head¬ 
ache, muscle-ache, dry mouth and 
rough skin. Alter a few hours the pa¬ 
tient feels warm and has nausea, fol¬ 
lowed by sweating and remission of fe¬ 
ver, If untreated this sequence recurs 
every 48 hours (72-96 hours m some 
cases] for several weeks Thereafter the 
patient may be relieved for a few 
months or even a year He often gets 
similar attacks repeatedly resulting in 
anaemia, enlargement of spleen, physi¬ 
cal emaciation and lastly death In one 
type of malaria, one or a few spells of 
high fever may lead to rapid detenora- 
tion and sudden death if suitable treat¬ 
ment is not given in time 

A Long Search for the Cause 

As mentioned earlier, all the ancient 
civilizations were serious victims of 
malaria. Even two thousand years ago 


some of the physicians had preliminaiy 
ideas about the disease They could 
recognise malaria by its symptoms and 
called it ‘intermittent fever' as distinct 
from ‘continuous fever'. Some of them 
could even distinguish between differ¬ 
ent types of malaria also It was widely 
noted that the. disease preponderates in 
marshy areas, near swamps and was 
more frequent among people who slept 
outdoors They thought that it was 
caused by breathing foul air poisoned 
by the stagnant water The disease also 
acquired its name from the same belief 
(Italian mal-bad, aria-air) It may seem 
to be silly today but even this belief 
helped to control the disease to some 
extent 

Since the disease was associated 
with stagnant water, the Romans tried 
to control the disease by flushing 
swamps and marshes Roman officers 
posted in certain areas of the empire 
observed that the places having large 
population of buffaloes who frequently 
visited swamps were comparatively free 
from malaria. They imported buffaloes 
from Egypt to southern Italy where the 
disease was rampant This measure 
also gave some respite. Can you imag¬ 
ine why? 

After the decline of the Romans, the 
West entered the dark age. No signifi¬ 
cant progress in respect of malaria 
could be made in the next thousand 
years or more, till the late renaissance 
period However, it has recently come to 
light that in the sixth centuiy a Chinese 
philosopher accidentally discovered a 
‘warm wood' tree {Artemisia enua, Chi¬ 
nese name Kunghow tsud) the bark of 
which was effective for the treatment 
and prevention of malana. 
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After the advent of renaissance a 
new awakening swept through Europe. 
Old ideas and authorities were begun 
to be challenged New ideas based on 
explorations, experiments, and observa¬ 
tions poured in Ideas about land and 
oceans expanded The new world (west¬ 
ern hemisphere) was discovered. The 
Europeans started getting hitherto un¬ 
known samples of plants and animals 
as well as experiences and ideas extant 
in distant lands 

In the seventeenth centuiy a large 
variety of substances derived fiom 
plants, animals and minerals were tned 
to cure diflerent diseases including 
malaria Most ot them were of no value; 
some of them were even harmful 
Among those some were products sent 
from aloroad One of these products was 
the bark of a Peruvian tree (native 
name quina quina) which the local 
people used as a medicine for fever 
This was thought to be a good benign 
cure of malaria in Europe and became 
very popular. The demand for the bark 
of the tree rose so high that soon it 
became difficult to arrange for its trans¬ 
port The supply soui ce also tended to 
become exhausted. Some dishonest 
merchants began to substitute it by a 
similar looking bark of another tree 
Strangely, this attempt of gross adul¬ 
teration became an unexpected benefit 
It was found out that quina quina was 
not as eifecLive as the new adulterant 
was. The new tree yielding the effective 
medicine for malaria was named Cin¬ 
chona after the name of the wife of the 
then Portuguese governor. Later the 
active fraction extracted from Cinchona 
bark called quinine remained the only 
potent cure till mid twentieth century 


□ 

Is it not strange that a drug that served 
humankind for three centuries was dis¬ 
covered accidentally that Loo from an 
adulterant 

The Parasite Discovered 

After a satisfactory treatment was 
found, physicians tried to verify the 
cause of malaria Some of them volun- ] 
teered to drink water of the swamps | 
that were said to be the cause of fouled 
air Some deliberately breathed the air 
around the marshes. No one got ma¬ 
laria The age old ideas began to 
change Several speculations were 
floated Some scientists dissected and 
examined the body parts of the dead 
patients, others examined the blood of 
suffering patients A few held the newly 
discovered bacteria as the causative 
agent But no satisfactory solution 
could be found for a long time 

Malarial parasites were apparently 
first seen by Meckel in 1847 Several 
others also reported some stages m the 
blood of human being. Signilicance of 
their discoveiy was not recognised un¬ 
til Laveran’s somewhat explicit studies 
were published in 1880 who was able 
to see them in the blood corpuscles of 
malai'ial patients Subsequently the sci¬ 
entists reported different stages of the 
parasite m and out of the RBC By then 
it was known that malaria is also com¬ 
mon in many birds and apes In 1885 
Marchiava and Celli prodticed cases of 
malaria by inoculating human volun¬ 
teers with blood containing the para¬ 
sites Gradually it was accepted that 
malaria is caused by a protozoan para¬ 
site belonging to the genus Plasmodium. 
It was also found that there are four 
species of the genus namely (i) P. vivax, 
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[ii] P. falciparum, (iii] P. Malariae and 
(iv) P. avale which are responsible for 
diflereni kinds of malaria 

P. uivax causes benign, tertian (fe¬ 
ver eveiy alternale day) malaria, result¬ 
ing in slow degeneration of the patient 
engendered by destruction of the RBC, 
The benign nature of this type of ma¬ 
laria oKen tempts patients to neglect its 
treatment This attitude has aggravated 
its elfeot on the population. P 
Jalcipamm is responsible for malignant, 
teiiian malaria (also called cerebral.ma- 
laria) it is the most dangerous form of 
malaiia 11 affects the brain leading to 
last deterioration of the patient and 
sudden death if proper treatment is not 
given in lime, P malariae causes be¬ 
nign, quarttml (fever every 72-96 hours) 
malaria which is not so much danger¬ 
ous P. ovale IS responsible for tertian 
malaria which is even milder. 

The relative Incidence of these para¬ 
sites and hence the occurrence of dif¬ 
ferent malarias varies in different parts 
of world. Some differences are also ob¬ 
served in the same area observed in the 
same area from year to year, P. uiuox is 
ol widest distribution (about 65% - 
69%0 P /aticiparum, the killer malaria 
comes second (25%-30%) ■ P. malariae 
has a restricted distribution (l%-3%) 
and P, ovale is a rare parasite in man. 

CarrSer Identified 

Once it was known that malarial para¬ 
sites are causative agent of the disease 
and a person gets malaria if he receives 
blood of another person containing the 
parasite, scientists wondered who in¬ 
jects the parasites in the normal cases 
Since malaria is associated with stag¬ 
nant water which was Ihe home oi 


many insects including mosquitoes, the 
latter became the mam suspects. As 
early as m 1717, Lancisi stated that 
marshes cause malaria through the 
transformation of minute worms into 
mosquitoes which infused a poisoned 
liquid into the wounds they inflict 
What did he observe in the marshes? 
Must be mosquito larvae, what else? In 
1883 Kreig and King produced circum¬ 
stantial evidences to pinpoint the mos¬ 
quito as an agent of transmission of 
malaria. Laveran, Manson, Pfeifler and 
many others were of the same opinion 
But experimental proof was eluding 
them. It was Ronald Ross who first look 
up experimental investigation into the 
role of mosquitoes 

As the tirst step Ross expenmentally 
verified that il is the Anopheles mos¬ 
quito and not the other species that 
suck in Ihe malarial parasites from in- 



Fig. 1 Life hi.story ol (he ino.sqiiilo 
(Anophles and Culex] Note the ditfevences 
in the sitting postures ol their adults, shape 
of egg and position of larva. 
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Fig. 2 Life history of malarial parasite 
Plasmodium, showing different stages in 
mosquito and human body 

fected patients along with his blood He 
also showed that these parasites mul¬ 
tiply in the stomach wall of the mos¬ 
quito establishing thereby that the 
Anopheles mosquito was the natural 
host of these parasites (1897] It was a 
veiy significant contribution. Then he 
went on to demonstrate that' malanal 
parasites are injected into another vic¬ 
tim during a mosquito bite But with¬ 
out human volunteers he had to work 
with bird malaria [Proteosoma sp] in 
sparrows He discovered sporozoite 
stage of malaria m the salivaiy glands 
of the mosquito (1898). So, the human 


mosquito-malaria enigma was solved. 

Immediately after. Grass! (1898-99) 
found similar cycles m P Jalcipanun, P 
vwax and P. malanae He also un¬ 
equivocally demonstrated that mosqui¬ 
toes act as vectors and transfer malaria 
in man Ross's work, therefore, cleared 
several mysteries of the past, opened 
the door for many future discoveries 
and paved the way for launching 
antimalanal campaigns on a global 
scale. 


Ronald Ross 

Sir Ronald Ross was awarded the Nobel 
Prize in 1902 ‘for bis work on malaria 
by which he has shown how it enters the 
organism and thereby laid the founda¬ 
tion for successful research on this dis¬ 
ease and how to combat it’. He was the 
second Nobel Laureate in medicine and 
physiology since its inception. 

He was born at Almora in the 
Kumaon hills of Uttar Pradesh on 13 May 
1857. He came of a three generation 
Anglo-Indian family and was the eldest 
son of a Genera} in the Indian Army. He 
had his medical education in England. 
After obtaining the MRCP Diploma in 
1679, he worked as a surgeon of a ship 
for some time and then entered the 
Madras Medical Service. During bis home 
leave in 1868, he studied bacteriology 
and got DPH Diploma. He also got some 
familiarity with the mosquitoes. He re¬ 
turned to India in 1892 and began to 
take special Interest in malarial para¬ 
sites. He took the opportunity of observ¬ 
ing and studying the parasites under the 
guidance of Patric Manson during bis 
second leave in 1884. Coming back to 
India next year be devoted himself to ex¬ 
perimental investigations of the mode of 
transmission of malaria. He remained in 
touch with Manson who always encour¬ 
aged him. But his research was con- 
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stantly being hampered by frequent 
transfers at its crucial stages. In spite 
of the impediments he continued reso¬ 
lutely and got the breakthrough in 1897 
and 1898, Thereafter he was sent to 
Assam to investigate the large scale oc¬ 
currence of black fever (kala azar). The 
same year he took retirement from the 
Indian Medical Service and migrated to 
England. He joined the Liverpool School 
as a lecturer where he became a Profes¬ 
sor in 1902. In 1912 he Joined the King's 
College Hospital, London as a physician 
for tropical diseases. During the First 
World War (1914-18) he worked as con¬ 
sultant in various organizations to ad¬ 
vise on antimalarial campaigns. 

Apart from scientific papers and his 
Memoirs, he wrote several books on 
poems and romances. Ross was 
honoured with investiture of Knight 
Commander of the Order of the Bath in 
1911 and in 1918 he became Knight 
Commander of the Order of Saint 
Michael and Saint George. Later, in 
1926 the Ross Institute and Hospital 
for Tropical Diseases was estabiished in 
his honour at Putney. He breathed his 
last at Putney in 1932. 


Can you now understand why 
draining of marshes and introducUon of 
buffaloes had helped Romans in reduc¬ 
ing malarial cases locally. Obviously 
these steps caused disturbance to the 
breeding grounds of mosquitoes 

Eluding Control 

Once the vicious cycle of man-mos- 
quito-malaria was known it became 
clear Lhat eradication of malaria can be 
attempted m two ways, (i) curing ma- 
lana patients by effective drugs thereby 
reducing the source of the parasite, and 
[ii) destroying the mosquitoes mainly by 
controlling their breeding and develop¬ 


ment so that the transmission of ma¬ 
laria was interrupted, 

By mid twentieth century prepai'a- 
Lion for malaria eradication was com¬ 
plete Effective drugs (quinine, 
chloroquine, antibiotics) for cure ot 
malaria became easily available At the 
same time powerful insecticides (DDT, 
BHC etc ) and mosquito repellents for 
suppressing mosquito menace were also 
on the racks Adoption of the two¬ 
pronged attack went very well by early 
sixties of the twentieth century The 
disease was totally suppressed in sev¬ 
eral countries and quite tamed in many 
others including India. The death per 
year came down from three million in 
1946 to two million in 1961 The total 
number of incidence also sharply de¬ 
clined It was hoped lhat the disease 
would totally controlled within two de¬ 
cades ITowever, only those countries 
whether developed or developing suc¬ 
ceeded in their elforls which never loos¬ 
ened their grip on the eradication cam¬ 
paign. A sense of complacence crept in 
at this crucial junction of the campaign 
both at the global effort as also at the 
country level campaigning The atten¬ 
tion was diverted to the wars in the 
Southeast Asia, flow of money tapered 
off and the operation plans had to be 
down Sized Medical attention both for 
research and training shifted to more 
challenging areas, malaria eradication 
programmes of the Public Health Ser¬ 
vices became tardy This was followed 
by injudicious use of drugs often faulty 
treatment schedule as well as indis¬ 
criminate use of insecticides The con¬ 
sequence was disastrous New strains 
of drugs resistant parasites and insec¬ 
ticide resistant malarial mosquitoes 
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Description of the Prize Winning Work* 

"Towards the middle oj August (1897) I had exhaustively searched numerous 
grey mosquiloes and a Jew bnndled mosquitoes. (Unable to obtain literature on 
mosquitoes, Ross made a working classification oJ his own and inuerited simple 
names His grey mosquitoes belonged to the genus Culex, his brindled mosquitoes to 
the genus Siegomyia) The results were absolutely negative, the insects contained 
nothing whatever 

"I had remembered the small dappled winged mosquitoes (genus Anopheles), 
but as I could not succeed either in finding their larvae or in i.iducing the adult 
insects to bite patients, I could make no experiments with them On the 15th August, 
however, one oj'my assistants brought me a bottle oJ larvae, many of which hatched 
out next day Among them I found several dappled-winged mosquitoes, evidently of 
the same genus as those Jbund alxiiit the barracks, but much larger and stronger. 
Delighted with this capture I Jed them (and they proved to be very voracious) on a 
case with crescents in the blood. Expecting to find more in. the breeding bottle and 
wishing to watch the escape oJ'the motile Jilaments in this new uanety, 1 dissected 
four oJ them for this purpose immediately qjter feeding This proved to be most 
urfortunate, as there were no more of these insects in the bottle, and the results as 
regards the motile filaments were negative I had, however, four of the gorged dappled¬ 
winged mosquitoes left, but by bad luck two of the dissections were very imperject 
and I found nothing. On the 20th August I had two remaining insects both living 
Both had been fed on the 16th instant I had much work to do with other mosquitoes, 
and was not able to attend to these until late in the afternoon when my sight had 
become very fatigued The seventh dappled-winged mosquito was then successfully 
dissected Every cell was searched, and to my intense disappointment nothing 
whatever was found, until I came to the insects stomach There, however, just as I 
was about to abandon the examination, I saw a very delicate ciicular cell apparently 
lying among the ordinary cells oJ the organ, and scarcely distinguishable from them. 
Almost instinctively 1 felt that heie was something new. On looking further, another 
and another similar object presented itself 1 now focussed the lens carefully on one 
of these, and found that it contained a few minute granules of some black substance 
exactly like the pigment of the parasite oJ malaria I counted altogether twelve oJ 
these cells in the insect, but was so tired with work and had been so often disappointed 
before that I did not at the moment recognize the value of the observation. After 
mounting the preparation I went home and slept for nearly an hour On waking, my 
first thought was that the problem was solved; and so it was 

"Next morning the eighth and last dappled-winged mosquito . was killed and 
dissected with much anxiety. Similar bodies were present in it .. The objects lay, not 
in the stomach cavity of the insects, but in the thickness of the stomach wall .. 

"These two observations solved the malaria problem They did not complete the 
story, certainly, but they furnished the clue. Atastroke they gave bothof the unknown 
quantities — the kind of mosquito implicated and the position and appearance of the 
parasites wiihin it." 


From Ronald Ross, “Researches on Malaria,” Les PrixNobel en 1902 
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emerged to make the task of cure and 
control more difficult. The worst was 
the development of drug resistant types 
of malignant or cerebral malana (P. 
falcipanim] and their rapid invasion in 
diflerent parts of the world including 
India, 

However, experts say that the war 
against malana is not lost as yet The 
man-malaria light can still be tilted in 
favour of human if we renew the cam¬ 


paign with all the vigour and resources 
at our command correcting our past 
mistakes Even with the arsenal of ex¬ 
isting drugs and the available insecti¬ 
cides the campaign can achieve suc¬ 
cess. In this centenaiy year of Ross's 
great discovery and fiftieth year of 
India's independence, we could make us 
proud by taking a sincere pledge to 
eradicate the curse of malana Irom our 
country 
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In the two previous issues of the Journal 
we have discussed the meaning of the 
term heavy metal pollution in general and 
the nature of pollution due to cadmium, 
mercury, lead and arsenic in particular 









he term ‘heavy metal', as ex¬ 
plained m some details in the 

L__ June’ 97 issue of this Journal 

is somewhat imprecise. The term in¬ 
cludes most metals and metalloids with 
atomic number greater than 20, but 


excludes alkali metals, the alkaline 
earth metals, the lanthanides and the 
actinides The term is commonly 
adopted as a group name for the met¬ 
als (and metalloids) which are associ¬ 
ated with pollution and toxicity, al¬ 
though heavy metals also include ele¬ 
ments such as iron, copper, manga¬ 
nese, selenium, and zinc, which at low 
concentrations are essential lor living 
organisms Toxic metals’ or ‘trace met¬ 
als’ are two other terms suggested as 
alternatives to the term heavy metals 
but these terms are yet to attain com¬ 
mon usage Thus we have used here the 
more widely reeogmsed term, ‘heavy 
metal’ (in elemental or combined form, 
irrespective of whether the element is 
a metal or metalloid) 

. Heavy metals are continually re¬ 
leased to the environment by natural 
processes, such as geological activities, 
volcanic eruptions, weathenng of rocks 
and soils for millema, living beings have 
collectively and individually managed to 
cope with this natural discharge of 
heavy metals to their environment 
Environmental pollution caused by the 
addition of heavy metals to the ecosys¬ 
tem due to anthropogenic causes (i e 
caused by human activities) began with 
the domestication of fire itself But the 
‘Industnal Revolution’ with its unprece¬ 
dented demand for metals, and factors 
such as greater urbanisation, increase 
in vehicular traffic and use of modern 
agncultural practices have ultimately 
started interfering with the nature’s 
own processes. Heavy metals as pollut¬ 
ants of the ecosystehl have however re¬ 
ceived increasing attention only m the 
recent years, partly because of the 
growing scientific and public awareness 
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of the environmental issues. 

From the point of view of environ¬ 
mental degradation, of all the heavy 
metals, cadmium, lead, mercury and 
arsenic have been the source of major 
concern to living beings. 

in the preceding two parts of this 
article (published in the last two issues 
of this Journal] we have discussed the 
toxicity of the heavy metals, in general, 
and the environmental problerns due to 
cadmium, raercuiy, lead dnd arsenic, in 
particular In this article, we conclude 
our discussions on heavy metal 
pollution by discussing some of the 
melhods used to remove heavy metal 
pollution lor the environment. 

How Can Heavy Metal Pollution 
Be Removed? 

The removal of heavy metals under van- 
able field conditions is a very difficult 
task In most cases, heavy metals are 
either present m highly diluted states 
m the range of a few ppm in large vol¬ 
umes, or in the range of several thou¬ 
sand ppm, but in limited volumes. The 
approach for their removal, therefore 
varies with their concentration, volume 
and other specific factors. Although 
some methods exist and some are un¬ 
der development for minimising the 
amount of toxic metals released from 
current industrial processes, the 
remediation of existing toxic sites re¬ 
mains a pressing problem. There are 
two basic ways to approach the removal 
of heavy metals. One method is to de¬ 
sign systems for a single metal- and the 
other is to employ one specific process, 
that could be used for several different 
metals. However, it would be over am- 
I bitious to consider that one process 


would have such a broad application as 
(o remove a variety of heavy metal ions 
Many rivers and sediments are 
highly contaminated by heavy metals 
and such sediments act as source to 
recontaminate the water that Hows 
above ‘them Several types of 
remediation methods have been used for 
such contaminated sediments. The sim¬ 
plest of these is often to just cover the 
contaminated sediments with clean soil 
(or sediment), thereby placing a banter 
between the contaminants and the 
water Cadmium is often the heavy 
metal of concern in such sediments If 
the pH of the resulting soil is 6.5 or 
higher, most of the cadmium does not 
dissolve, resulting m a concentration 
which is tolerated. Several chemical and 
biological methods of decontaminating 
sediments are also in use Treatment 
with calcium carbonate or lime for 
example, increases the pH of the 
sediment and thereby immobilises the 
heavy metal In some situations, 
contaminated sediments are simply 
covered with chemically active solids, 
such as limestone, gypsum, iron (III) 
sulphate or activated carbon, that 
gradually detoxify the sediments. For 
such purposes, the sediments are often 
first dredged from the bottom of the 
water body and then treated Heavy 
metals are also removed at times by 
acidifying the sediments and treating 
them with chelating agents, such that 
the heavy metals become water soluble 
• and leach from the soil The cleared 
sediments can be returned to the wa¬ 
ter body or spread on land (1) 

The adsorption of Cd (II) ions from 
aqueous solution on materials such as 
activated charcoal, discarded rubber 




HOW CAN HEAVY METAL 
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lyre, fly ash and bituminous coal have 
been studied Sawdust has also been 
found to be a cost effective adsorbent 
However, these processes are highly pH 
dependent (Table 1] (2) 


Table 1 

pH Range for Qualitative Precipitation 
of Cadmium, Lead, Mercury* 


Metal 

pH range 

Cadmium (soluble m 

6 8—12 

presence of ammonium salt) 


Lead 

6 0—9 0 

Mercury 

7 5—12 


♦Source Porteous (A) el al Hazardous Wasle 
Management Handbook, BuUerworlh p 157 


Agricultural waste, viz nee husk 
has also been found to be effective for 
Ihe removal of cadmium from industrial 
wastes. The silica in the rice husk is 
responsible for the adsorption (3). Bio¬ 
logical removal of toxic metals from sew¬ 
age effluent — a more recent method, 
has also been used effectively for re¬ 
moval of cadmium. The metal cation m 
this case, is found to simply bind to the 
negatively charged groups of these bio¬ 
logical cell surfaces On altering the 
conditions, the metal is released and the 
organism is recharged (4] 

Elemental mercury is extremely 
volatile, travels hundreds of kilometres 
and contributes to the atmosphere load 
It IS insoluble .and once out of the stack 
of the industrial units is not captured 
easily Mercury has been found to be re¬ 
moved to some extent by activated chai'- 
coal and by selective solvents. These 
methods are being tested at present in 
pilot scale in coal fired power stations 
Any oxidised mercury escaping from 


stacks m industrial units is deposited 
in a local or regional scale. Activated 
carbon has been obseiwed to have the 
potential to control such oxidised mer¬ 
cury Recently aquatic plants have 
drawn much attention of workers as an 
effective tool for the removal of heavy 
metals from water bodies For example, 
'Pistia' and ‘Hydnlla’ have been used foi 
removal of Hg (II) These plant species 
have at times been considered as Hg (II) 
accumulators as well (5) 

In the removal of lead, one of the 
more traditional methods has been the 
use of coal fly ash. since it has a good 
adsorption capacity for Lead (6) Of 
course, the cataljhic convertors fitted to 
cars and the use of unleaded petrol 
should help reduce lead emission to the 
atmosphere considerably. 

One of the efficient methods of re¬ 
moving arsenic is to treat water affected 
by arsenic with sodium sulphide, in 
presence of ferrous sulphate* and then 
acidify this with dilute sulphuric acid to 
optimise the pH The precipitation of 
arsenic, as sulphide is total and com¬ 
plete. With the addition of coagulating 
aids, ihe precipitate is made easily fil¬ 
terable The control of pH in this 
method is important, since the solubil¬ 
ity of arsenic sulphide in alkaline me¬ 
dium makes the method less attractive 
(7). One of the effective methods of re¬ 
moving arsenic has also been to oxidise 
the As (III) to As (V), followed by addi¬ 
tion of excess of iron (III) salt to 
coprecipite Arsenic with hydrated iron 
(III) made in alkaline medium (8). 

Biological Processes 

For the removal of heavy metal ions, 
* as coagulating agent 
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biological dimensions have been added 
recently, to the general chemical 
processes already in use for the 
purpose, These methods are specially 
useful, when veiy low concentration of 
the heavy metal makes recovery by 
traditional physiochemical methods 
unprofitable Table 2 shows some of the 
biological processes that are currently 
in use, or are being tested for the 
removal of heavy metals from the 
environment 

Bioremediation, i e the biological 
removal ot heavy metals is an attractive 
and cheap alternative to the conven¬ 
tional chemical clean-up methods (9). 
Cadmium lor example, at low concen¬ 
trations, is used by microorganisms as 
micronutrients—the toxic effects are 
obsei-ved at higher concentration. Bac¬ 
terial activity oxidises As (III) to As (V) 
and subsequent methylation reduces 
toxicity. Biological treatments are natu¬ 


ral systems, which rely on the naturally 
occurring micro-organisms, such as 
bacteria and fungii, in order to convert 
the toxic heavy metal pollutants to non- 
toxic or less toxic substances (10), In 
future, it seems a very lai'ge number of 
heavy metal contaminants are likely to 
be treated by such bioremediation 
methods. 

Concluding Remarks 

The fear of various pollutants spewed 
out by the different countries changing 
the genetic make up of animals and 
plants IS not far fetched any longer. In¬ 
deed the possibility is so real to some 
ecologists, population specialisls and 
toxicologists that they have created the 
new discipline of ‘Evolutionary Toxicol¬ 
ogy' Many modern chemicals, including 
heavy metals, that pour into our rivers 
and streams or beltch into the air, are 
thought to be actually capable of 


Table 2 


Types and Characteristics of Biosystems in Treating Mercury, Lead, Cadmium, Arsenic 


System 

Characteristics 

Metal 

Biocolloid 

formation 

Employs bacteria to transform toxic metal 
ions to less toxic forms with concomitant 
colloid formation An aerobic process 
requiring bacteria with acbve metabolism 

Lead 

Soipllon 

A passive system, where water containing 
toxic metal is passed through a bed of 
encapsulated bacteria or algae, 

Cadmium 

Lead, 

Mercuiy 

Volalallsation 

Bacteria and fungi readily methylate 
toxic elements thereby accounting for 
transfer of toxic metal .from a terrestrial 
environment to the atmosphere 

Mercury 

Arsenic 

Wetlands 

Natural or artificial shallow ponds 

that contain plants, algae, fungil and bacteria 

Lead 


Source; Wise (D L). and Trantou) (D J.] (ed). Remediation of hazardous waste contami¬ 
nated soils. Marcell Dekker Inc (1994), 929 pp. 






HOW CAN HEAW METAL 
POLLUTION BE REMOVED-? 

Inggering mutations in fauna and flora 
V/orld over countnes have become 
concerned about pollution In general, 
and pollution due to heai^ metals in 
pai'ticLilar India is no exception in this 
respect As a response to the general 
problem concerning the environment 
and its protection, the Government of 
India has set up in Januaiy 1985, a 
sepai'ate mimstiy — the Ministry of En¬ 
vironment and Forests, with a depaid- 
ment specifically to look into issues 
concerning the Environment On 26 
Februaiy 1992, the Ministiy came up 
with the important policy statement 


"Policy statement for Abatement of Pol¬ 
lution" This ‘statement’ expresses a 
commitment of the Government of In¬ 
dia on abatement of pollution for pre¬ 
venting the detenoration of the environ¬ 
ment. For effective enforcement of the 
‘Policy’ the individual State Govern¬ 
ments have also formulated a number 
of rules for the guidance of the enforce¬ 
ment agencies Quite a few NGOsfnon- 
governmental organisations) are active 
in this field. With the passage of time, 
the general public has also gradually 
become concerned about environmen¬ 
tal issues 
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n the textbooks of Optics, the 
expression for the minimum 

_ deviation of a ray passing 

through a prism is obtained with or 
without the use of calculus. In this ar¬ 
ticle, two different methods, one using 


calculus and the other without the use 
of calculus, for determining the angle of 
minimum deviation for the ray passing 
through a pnsm have been suggested 
These methods are usually not found in 
the present day textbooks 

Method I 

Consider a ray of light incident on one 
face of a prism, of refractive index p., at 
an angle i, Suppose this ray of light 
after getting refracted at an angle r 
strikes the other face at an angle r' and 
then emerges out at an angle 1' as shown 
in the Figure From Snell's law we get 
sin 1 _ sin i' _ ^ 
sin r sin r' 



By geometry of the pnsm as shown in 
the Figure, the deviation of the ray is 
D = 0-A .. (2) 

where A is the refractive angle of the 
prism and 

0 = 1 + i' ■ . . (3) 

A = r + r' (is a constant for a given 
prism) 

By using equation (1) along with trigo¬ 
nometric formulae and relationship (3), 
one gets 

p sin r' = sin (0 - i) 

= sin0 cos i - cos0 sin i 
= sin0V(l-p* sin®r) - p cos6 sinr 




angle of minimum deviation of a 
ray passing through a prism 

which on simplification gives 
|i(sm r' + COS0 sin r) 

= sm0V(l-|.L® sin^) 

On squaring and simplifying, we get 
sin^9 = p^(sin^r + sin^r" 

+ 2 sin r' sin r' cos0) . (4) 
Noting that A = r + r' and, therefore. 
A - 2r ~t' - r, and using tngonometn- 
cal relations, equation (4) can be sim¬ 
plified as 

sin^0 = - cos A cos(A - 2r) 

+ |cos(A - 2r) - cos A)cos6] 
or, cos“0 + p^(cos(A - 2r) - cos A) cos0 + 
- cos A cosfA - 2r)l -1=0 . (5) 

Equation (5) is a quadratic equation 
yielding 

2cos0 = - |-i^|cos(A - 2r) - cosA) 

+ [ )j.*(cos(A - 2r) - cosAf-^ 

+ 4 {|.i^cosAcos(A-2r)-{|X^-l)l'/^, 
O<0<18O° (6) 

Equation (6) indicates that as cos(A-2r) 
increases, cos9 increases, that is, 0 de¬ 
creases By virtue of equation (2), the 
deviation D of the ray decreases with 
the decrease in 0 Hence, the minimum 
deviation occurs when cos(A-2r) is maxi¬ 
mum, 1 e 

cos(A - 2r] = 1 
or, A - 2r = 0 
or, r = A/2 = r' 

so that i=i' .. (7) 

Consequently equations (2) and (3) give 
the angle of minimum deviation, 

= 2i-A Using this m equahon (1), 
we get 

sin + A)/2 = p sin r . . (8) 


Method II 

We can also obtain the same result us¬ 
ing the method of maxima and minima 
in calculus The condition in the present 
case IS 

d0 dD 

^ = ^=0 , (9) 

for the optimum value of angle ‘r’ entail¬ 
ing 1 e from equations [2) and 
(5). Differentiating equation (5] with re¬ 
spect to r, we get 

sm^8 ^ = p^[- 2cos A sin (A - 2r) 

JQ I 

- Icos (A - 2r) - cos A) sin0 ^ 

dr 

+ 2sm(A - 2r) cos0] . (10) 

which in consequence of equation (9) 
gives 

sin(A - 2r) = 0 

or, A = 2r, 1 e r = A/2 (11) 

Differentiating equation (10) with re¬ 
spect to r and utilizing equations (9) and 
(11), we get 

p^[4cosA cos(A - 2r) - (cos(A - 2r) 
d^0 

- cosA) sin0 ^^2 " 4cos(A - 2r) cos0] 

- sin20 = 0 (since A=2r) 

d^D d^O 
dr^ " dr^ 

_ (cosA - cos9) - 

~ sin20 + 2p^ sin*^ (A/2) sinO ^ 

(A = 0-D)' 

which entails minimum deviahon of the 
ray for equation (11) i e for equation (7), 
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olymer science is the study of 
the chemi.sliy and physics of 
higher molecular weight sub¬ 
stances. Polymers or macromolecules 
are high molecular weight substances 
composed of molecules characterised by 
(he multiple repetition ol one or more 
species of atom or group of atoms 
linked together in amount sufficient to 
provide a set of properties that do not 
vaiy markedly with addition or removal 


of one or few of the constitutional units 
Macromolecules had been in exist¬ 
ence since the beginning of life with 
mankind Even betore the dawn of civi¬ 
lization, naturally occurring polymers 
were used by mankind for various pur¬ 
poses e.g, food (proteins, polysaccha¬ 
rides), clothing (silk, wool, fur), fuel 
(wood). Wood IS also used for various 
building and construction purposes 
Amber — high molecular weight resin— 
has been worn as jewels and asphalt 
used as adhesive has been m existence 
m Bible times about 600 BC. Although 
the uniqueness in properties of natural 
and synthetic polymers were recognised 
as far back as the beginning of chem¬ 
istry itself, the study of the physics and 
cheraistiy of these materials did not 
gam widespread acceptance before the 
1930s, The major problem encounlered 
by the early investigators was how to 
differentiate between colloidal and mac- 
roinolecular substances. 

It was the first time in history that 
H Staudinger first coined the word 
"Maoromolccules" for high molecular 
mass substances in 1920 His ability to 
classify colloidal dispersion as micellar 
colloids (association colloids) and colloi¬ 
dal molecules (macromolecules) forms 
the basis of the modern day colloid sci¬ 
ence as distinguished from polymer 
science (Staudinger 1920) The word 
"polymensation" and "polynrer" was first 
introduced by M Berthelot m 1866 
while obseivmg liquid styrene turning 
into solid mass, he referred to the re¬ 
action polymensation and the product 
as polymer 

The history of the emergence of 
polymer science from past to present is 
mexhaustive, hence this paper high- 




CHRONOLOGICAL REVIEW 
OF POLYMER SCIENCE 



lights the remarkable discoveries and 
dates of important events in this field 
particvilarly for the periods between the 
1800s to the 1970s Below is a chronol¬ 
ogy of the important events with 
dates' 

Year Events 

1806 Discovery of natural rubber and 
experiments with elasticity of 
rubber by Gough in England 

1838 Polymerisation of Vinylidene- 
chloride via sunlight by 
Regnault in France. 

1839 Polymensation of polystyrene by 
Simon 

1859 Conversion of elhene oxide to 
poly (elhene oxide) by Wurtz 

1860 Conversion of Vinyl halides into 
polyethene halides by Lourenco 

1862 Synthesis of cellulose nitrate 
■ into polymer and was named 
‘celluloid’ by Alexander Park in 
USA 

1868 Synthesis of celluloid by mixing 
pyroxin with dilutenitnc acid 
and camphor by Wesley Hycetl 
Patented his product and made 
public his result 

1870 Commercialisation of celluloid 
by Hycetl as the first synthetic 
polymer. 

1871 Polysaccharides and proteins 
classified as polymers by 
Hlaiwetz and Habermemn 

1884 Formula for sugars as polymers 
were established by Emil 
Fischer in Germany 

1888 Molar masses for natural rubber 
was determined as between 
6000 and 1200 g/mole by 
Gladstone and Hibbert. 

1889 Determination of molar masses 


for starch up to 30,000 g/mole 
using cryoscopy by Brown and 
Moms 

1909 Synthesis of the first phenolic 
polymer-phenolformal dehyde- 
the oldest known thermoset by 
Lee Hendrock. This was 41 
years after the production of 
celluloid, the first synthetic 
polymer by Hycetl | 

1920 Macromoleculai' Hypothesis was 
put forward that polymeric sub¬ 
stances are held Logether by 
partialvalence with saturated 
end groups by Slaudinger 

1929 Synthesis of condensation poly¬ 
mers — nylon, chlorprene with 
its analogs and homologs mar¬ 
keted today as neoprene Clas¬ 
sification of polymers as con¬ 
densation and addition poly¬ 
mers by Carothers (1929, 1931) 

1930 Derivation of mathematical 
models for polymer configura¬ 
tion and theoiy of rubber elas- 
Liciiy by Kuhn, Guth and Mark 
in Germany 

1930- Slow pace of development in the 

1940's advancement of polymer sci- 

' ■ ence It was when the principles 

of Organic and Physical chem¬ 
istry were applied to polymers 
that there was remarkable 
progress m the field. 

1935 Development of methods for the 
determination of various mo¬ 
lecular weight averages number, 
weight and viscosity average 
molar masses for pol 3 miers by 
Lansing and Kraemer. 

1937 Elucidation of the mechanism 
for chain reaction 
polymerisation (Flory 1937) 
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1950s Synthesis of stereospeciflc poly¬ 
mers and introduction of 
tacticity to polymers by Natta 
(1955) 

1960s Nuclear magnetic resonance 
applied to polymer structure 
analysis Gel permeation 
chromatogry GPC analysis for 
molecular weight distribution of 
polymer. Introduction of differ¬ 
ential scanning calorimetry for 
determination of melting point 
of poljmiers 

1975 Manufacture of linear low den¬ 
sity (LDPE) and high density 
(HOPE) polyethylene by Phillips 
Co in UK. _ 

Major Uses of Polymer in the 
Present Bra 

Polymers have been found useful in al¬ 
most all fields — such as textile, medi¬ 
cine, automobile, communications, ag¬ 
riculture, aerospace, dentistry, metal¬ 
lurgy, meteorology, upholstery, trans¬ 
portation, recreation and sports, phar¬ 
macy, building constructions just to 
mention a few In medicine polymers are 
used as sutures, implants, artificial 
hearts and kidneys of polypropylene, 
polysiloxanes and polytetrafluoroethane 
have been reported (Amaly 1962). Poly¬ 
carbonate with its blends have been 
used as blood centnfuge tubes, anesthe¬ 
sia canisters or blood oxygenerators. In 
the automobile industry polymers such 
as nylon 6,6 are used for construction 
of speedometer gear cable, jacketing for 
car brakes, carburettor components 
Polymers such as polytetrcifluoroethene 
have been used as rotating antenna and 
radar in space engineering, 
polyphenylene sulphide (PPS) used as 


seal for aircraft, gear, bearing and alsc 
in oil drilling equipments. 

The following table shows a selec 
tion of some polymers and their uses 

Polymer Uses 

Polythene Film for packaging, 
(PE) sewage pipes, canopies, 

artificial kidney, splinl 
implants, bottles, tooth 
brush, diary and pepsi 
cola crests, carpets, 
Polypropene . Screw cap, woven sacks, 
(PP) ropes, buckets, sutures, 

rackets, bags, mosquito 
nets, tarpaulins 

Polyvinyl . Floor tiles, carpets, 
choride sewage pipes, rain coats, 
leather, table cloth etc 
Polytetra- : Non-stick kitchen ware, 
fluoroethene aircraft and missile com¬ 
ponents, hip joint pros¬ 
thesis etc 

Acrylqnitnle Motor parts, gear box, 
butadiene - business machine parts. 
Styrene door knobs, TV cabinets, 

terpolymer camera parts, domestic 
blender and mixers etc 
Nylon 6,6 . Tire cords, gears, rollers, 
conveyor belts, rackets, 
bullet resistant glazing 
materials etc 

Polmethyl ■ Adhesives, lenses, light- 
methaciylaste mg signs, dials and me¬ 
dallions, airtihcial tooth, 
reflectors, car-daght 
housing (head lamp),, 
shower cabinets etc 
Acetal resins ■ Automotive door handle, 
wheel covers, gas caps, 
shower heads, telephone 
parts, lawn sprinklers 
lavatory faucets etc 
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Poly- • Business machine hous- 

carbonates ing, plastic, needles, elec- 

tncal/electronic equip¬ 
ments, aircraft parts etc. 

The list IS inexhaustive as one poly¬ 
mer can find application in various 
fields of human endeavour 

JVieetf to Intensify Research in 
Polymers 

Though polymers have been found very 
useful m many applications, but in cer¬ 
tain applications where toughness, high 
abrasion, modulus, tensile strength and 
other properties withstanding aggres¬ 
sive environment, high temperatures 
are concerned ceramics and metals 
have been found to be more useful than 
polymers Most polymeric materials do 
not possess all the desirable qualities 
such as rigidity, heat resistance, weath- 
erability. dimensional stability, flame 
resistance, moisture/chemical resis¬ 
tance, impact resistance required by the 
production engineer. 

There is need for more research into 
properties of polymers for production of 
quality engineering and speciality plas¬ 
tics designed to meet specific, require¬ 
ments in which metals or ceramics have 
been found useful. There is need for re¬ 
search in the area of the production 
technology, design, selection of materi¬ 
als with the optimum combination of 
factors necessary for- production of 
quality plastics. 

Comparison of the Pace in 
development of Polymer 
Science and Technology 

In the 1800s the pace of development 


of the science and technology of mac- 
roniolecules was rather slow, 11 was not 
until the 1930s to 1940s that there was 
remarkable progress in the science of 
plastics particularly as a result of the 
widespread of the famous ‘Macromo- 
lecular Hypothesis' put forward by 
Herman Staudmger in 1924 The appli¬ 
cation of the principles of organic and 
physical chemistiy to the elucidation of 
polymer structures has enhanced in no 
small measure the understanding of the 
nature of these 'modern materials' To 
be specific the genesis of plastic mate¬ 
rial dates as far back to 1868 when 
Wesley Hycetl manufactured the first 
plastic called celluloid (cellulose ni¬ 
trate) 

After 41 years in 1909, Lee 
Hendrock synthesized the first syn¬ 
thetic polymer-phenol-formaldehyde, 
other polymers such as polevmylacetate 
and nylons were produced in the 1920s. 
A selected chronology of commercial 
polymers and their initial uses at time 
of invention is mentioned on next page 

As a result of intensive research in 
the field of polymer chemistry, physics 
and technology, new speciality and en¬ 
gineering plastics are in common use 
today 

Conclusion 

The foregoing treatise on the history of 
high polymers emphasize the need for 
more research and education in poly¬ 
mer science at all levels of education. 
We encounter polymeric materials in 
everyday life and hence there is a need 
for students of science in particular to 
be acquainted with the knowledge of 
these materials, 
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Date 

Material 

Typical Use 

1868 

Cellulose nitrate 

Eye glass frames 

L909 

Phenol-formaldehyde 

Telephone hand-set 

1919 

Casern 

Knitting needles 

1926 

Alkycl resins 

Electrical bases 

1927 

Cellulose acetate 

Tooth brushes, packaging 

1927 

Polyvinylchloride 

Rain coats 

1929 

U rea- formaldehyde 

Lighting fixtures 

1935 

Ethyl cellulose 

Flash-light cases 

1936 

Acrylics 

Brushes backs, displays 

1936 

Polyvinylacetate 

Flash bulb lining 

1938 

Polystyrene 

Kitchen housewares 

1938 

Nylon 6,6 

Gears 

1939 

Polyvmylidenc chloride 

Auto seat covers 

1939 

Melannne-lbrmaldehyde 

Tableware 

1942 

Polyester 

Boat hulls 

1942 

Polythene 

Squeezable bottles 

1943 

PolyOuorocai-bons 

Industrial gaskets 

1943 

Polysilicones 

Motor insulation 

1945 

Cellulose propionate 

Pens and pencils 

1947 

Epoxy resins 

Tools and jigs 

1948 

Aciylonitrile- butadiene- 
Styrene terpolymer 

Luggages 

1949 

Allylics 

Electrical connectors 

1954 

Polyurethane 

Foam cushions 

1956 

Acetals 

Automotive parts 

1957 

Polypropene 

Safety helmets 

1959 

Chlorinated polyether 

Valves and fitting 

1962 

Plyallomer 

Typewriter cases 

1964 

Polyphenylene oxide 

Battery cases 

1964 

Ethylene-Vinylacetate 

Heavy gauge flexible sheeting 

1965 

Polysulfone 

Electrical/Electronic parts 

1970 

Thermoplastic polyester 

Electrical/Electronic parts 

1973 

Polybutylene 

Piping 

1975 

Nitrile resins 

Containers 
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y Godl What have we done*^ 
.were the words uttered in 
sui-prise by the co-pilot m the 
cockpit of the Enola Gay, the B-29 
bomber of the US airforce which 
dropped the first atom bomb on 
Hiroshima on 6 August, 1945 Tlie atom 


bomb, code name ‘Little Boy’ was a 
uranium bomb that brought about un¬ 
imaginable misery and destruction to 
life and property, and the world, for the 
first time, came to know the devastat¬ 
ing might of uranium, Though dropping 
of atom bomb helped ending the pro¬ 
longed World War II but it started a new 
era m the history of mankind and led 
to cold war The world was stunned to 
know this catastrophic power of atom 
bomb The co-pilot saw the city wrapped 
in dust and smoke and felt as though 
the city was boiling like a soup It was 
like a volcanic eruption reaching the al¬ 
titude of about 13 km, Within moments 
88 thousand people were killed and 
some 60 thousand wounded. This was 
the biggest and the most heinous mas¬ 
sacre since the dawn of human civili¬ 
zation on this planet Since then, ura¬ 
nium has become a symbol of terror. 

Uranium is the heaviest naturally 
occurring element of the periodic table 
with atomic number 92 Uranium is a 
silvery white, lustrous, malleable, duc¬ 
tile and radioactive metallic element It 
IS the most abundant radioactive ele¬ 
ment in the Earth crust Its melting and 
boiling points are 1132° and 3718”C 
respectively. Its specific gravity is 19 05 
and valencies are 3, 4, 5 and 6 It has 
three allomorphic forms. Uranium was 
discovered by German chemist Martin- 
Klaproth in the pitchblende in 1789 and 
was named after Uranus, the seventh 
planet of our solar system which was 
discovered a few years before, in 1781, 
by the British astronomer William 
Herschel. But the metal itself was ex¬ 
tracted in pure form by Eugene Melchior 
Peligot very late in 1841 by reducing 
uranium tetrachloride with potassium 




A BIOGIWHY OF 
MIGH'IT UI^NIUM 

Heneiy Bacquerel m 1796 reported the 
phenomenon of radioactivity in ura¬ 
nium It IS found abundantly in the 
USA, Canada, Australia and South Af¬ 
rica Beaverlodge region in Canada is 
so rich m uranium ore that it is called 
as ‘uranium cily All I he elements after 
uranium are called ‘trans-uranic ele¬ 
ments’. 

Uranium has three isotopes, U-238. 
U-235, U-234. Out of these three, first 
one IS most abundant and comprises 
99 per cent and U-235 is just 0 7 per 
cent. Uranium is a radioactive element 
and emits alpha and beta paidicles since 
nucleus is unstable and undergoes de¬ 
cay After spontaneous disintegration 
uranium is converted into various other 
elements and ultimately changes into 
stable lead It is a poor conductor of 
electricity and readily reacts with other 
elements to form vanous compounds 
which are veiy poisonous U-235 is fis¬ 
sile and after bombarding with neutrons 
its nucleus is split into lighter nuclei. 
The number of neutrons play an Impoi - 
tant role in deciding the stability of 
nucleus. If the neutron and proton ra¬ 
tio i.e. n/p is greater than 1.5, nuclei 
are unstable and have tendency to dis¬ 
integrate The principle ores are carno- 
tite, pitchblende, and uramtite. In our 
country uranium ores. are found in 
Jaduguda mines of Singhbhoom distnct 
in Bihar. 

Tire idea that matter and energy can 
be interconverted was given by Albert 
Einstein, the great physicist of twenti¬ 
eth centuiy. Theoretically he proved 
, that matter and energy relationship can 
be shown by the equation E=mc^ (where 
E stands for energy, m for mass and c 
for velocity of light) Einstein calculated 
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that 1 pound (0.454 kg.) of matter can 
generate as much energy as can be ob¬ 
tained by burning 3 million tons of coal. 
Uranium became a subject of intense 
study when Otto Hahn and Fritz 
Strassman discovered in late 1938 that 
uranium nucleus undergoes fission af¬ 
ter bombarding with slow neutrons 
(Fig 1) Enerico Fermi in 1939 found 
that neutrons might be among the fis¬ 
sion products and could thus continue 
the chain of the fission reaction (Fig. 
2). Later on, it was confirmed that 2-3 
neutrons on average are produced by 
fission of every nucleus Though 
uranium fission has various inodes 
but Banuip and Kiypton are mam prod¬ 
ucts. 

This was the time of Second World 
War and several countries wei^e work¬ 
ing on the line to get a weapon in hands 
to emerge victorious. The atom bomb 
was the dream of those days In the 
efforts the USA went ahead and suc¬ 
ceeded in making the first atom bomb 
based on plutonium which was tested 
in Alamagordo m New Mexico on 16 
July 1945. Soon after that a uramum 
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Fig 2 


bomb called ‘Little Boy' was made and 
dropped on Hiroshima on 6 August 
1945 For making a bomb U-235 has 
lo be enriched This enriched mass is 
kept separately in small pieces whose 



Fig 3 


masses are less than critical mass. The 
undercntical mass cannot sustain a 
chain reaction With the help of a con- 
venbonal technique all the undercnbcal 
masses are joined together which form 
a supercnbcal mass pavmg way to sud¬ 
den explosion with the release of tre¬ 
mendous amount of energy. This was 
the one side of the picture The power 
of nuclear reaction is used for benefi¬ 
cial purposes also With nuclear reac¬ 
tor we generate electricity. A schematic 
diagram of an atomic power plqjnt is 
shown in Fig 3. At present, over 400 
atomic power plants are working in the 
world generating 20 thousand mega¬ 
watts of power. Undoubtedly uranium 
is the element of this century. Of 
course, it is mighty but it is up to us 
whether we use it to make or mar the 
human civilization. 
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e know that 


In(n+1] (n+2).(n+m) = 

n (n+l) (n+2)... (n+m+l) 

m+2 

It may be noted here that m+2 equals 


the number of factors m the numera¬ 
tor 

I shall use (1) to derive the for¬ 
mulae for In'*. 

Thus lor m=(|), we get from (1) 
n(n+l) 

In.— .,2) 

We know that 

= n(n+l) - n 
•. En'^= En(n+1) - Zn 

n(n+l) (n+2) n(n+l) 

" 3 2 


= n(n+l) 


(2n+4) - 3 


1 e Zn^ 


n(n+l) (2n+l) 


we know that 

n’ = n(n+l) (n+2) - Sn-^ - 2n 
.-. Zn'> = Z[n(n+l)(n+2)] - 3Zn"-2Zn 

n(n+l)(n+2)(n+3) 3n(n+l)(2n+l) 


_ 2n(n+l) 

2 

n(n+l) (n+2)(n+3) 3(2n+l) 

2 2 3 ~ 


n(n+l) n(n+l) 


n(n+l) 

2 


Similarly, Zn"* = Z n(n+l)(n+2)(n+3) 
eZn'^ - llZn^ - 6Zn 

6n® + ISn*' + 10n“ - n 
" 30 















This way, we can derive all the sum 
[brniulae for hi^^her powers. We can 
express n'' in terms of both n+l, n+2, 
n+S, and so on 

For example, 

= (n-lln + n 

, I(n-l]n + Zn 

(n-l)n (n+l) n(n+l) 

= - + - 

3 2 

[n-l 1 

= n(n+l) — + — 

3 2 



(n-l)n(n+l) (n+2] n(n+l] 

4 ’T' 


n(n+l) 

(n-1) (n+2) 

2 

2 

n(n+l] 

n^+n-2 + 2 


2 2 



n(n+l) n4n 
2 2 


n(n+l) n(n+l) 
2 2 

n(n+l) 

~ 1 ~ 


This way of expressing iT in terms of 
both n+k and nTc simplifies compula¬ 
tion, 
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ach person lives in a world of 
science, The natural environ- 

_ ment affects all of us. It 

operates in terms of scientific theones, 
principles, and laws. Pupils in the pub¬ 
lic school setting need to achieve rel¬ 
evant goals in science These goals 
should be attainable, meaningful, and 
possess purpose for the learner. 


The Show Me Standards, (1996) list the 
following science objectives for pupil 
achievement in Missouri schools 

In science, students in Missouri 
public schools will acquire a solid foun¬ 
dation which includes knowledge of 
1 properties and pnnciples ol matter 
and energy 

2. properties and principles of force 
and motion 

3 characteristics and interactions of 
living organisms 

4. changes in ecosystems and inlerac- 
tions of organisms with their envi¬ 
ronment 

5. processes (such as plate movement, 
water cycle, air flow) and interac- 
hons of Earth's biosphere, atmo¬ 
sphere, lithosphere, and hydro¬ 
sphere 

6. composition and structure of the 
universe and the motions of objects 
within it 

7. processes of scientific inquiry (such 
as formulating and testing hypoth¬ 
eses) 

8. impact of science, technology and 
human activity on resources and 
the environment. 

Each of the above named objectives 
should be emphasized within a related, 
designated unit of study The objectives 
might also be written more precisely, if 
desired, so that it can be measured if a 
pupil has/has not achieved each stated 
end of instruction. There are states in 
the United States that mandate measur¬ 
ably stated objectives Other states have 
a more open-ended approach in allow¬ 
ing leeway in writing objectives. 1 rec¬ 
ommend that objectives not be written 
so precisely that facts only ai'e empha¬ 
sized on tests to apprciise pupil achieve- 
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menl, The following objective stresses 
pupils memonzmg facts' the pupil will 
list in writing the names of ten 
arthropods. Then too, objectives can be 
so broadly slated that they become 
meaningless such as "The pupil will 
learn science" This objective certainly 
lacks clarity in terms of what will be 
taught and evaluated to determine pu¬ 
pil achievement 

To improve the quality of life for 
each person, a problem solving ap¬ 
proach should be emphasized in ongo¬ 
ing lessons and units in science, With 
problem solving, change occurs from 
what IS to what should be m science. 

Diverse schools of philosophical 
thought will be discussed and how each 
might relate to improve the science cur¬ 
riculum 

Realism in the Science CurricuJtwi 

A science teacher who is a realist em¬ 
phasizes that one can know the real 
world, in whole or in part, as it truly 
IS. The mind then does not modify or 
change what is being perceived 
Tillman, Berofslqi, and O’Connor (1971) 
wrote, "Most people when they think 
about the objects of perception, would 
say that they perceive a world of objects 
which is external to them and which 
exists independently of their perception 
of it This view is called realism". 

Since the external world is per¬ 
ceived the way it is in actuality, specific 
objective of instruction can be deter¬ 
mined by scientists and science educa¬ 
tors for pupils to achieve. Each objec¬ 
tive must be relevant and is a part of 
the whole that can be known by the 
learner Tlius in geology, biology, chem- 
13117 , physics, and astronomy, among 


other academic disciplines, measuiably 
stated objectives of msti-uction need to 
be emphasized m Leaching and learn¬ 
ing in the science curriculum. With 
quality learning opportunities selected 
by the science teacher, pupils either 
achieve or do not achieve the specific 
objective(s) as a result of instruction 
Measuring pupil achievement in learn¬ 
ing stresses what pupils have learned 
what was stated in each objective Re¬ 
alists desire obseivable results in learn¬ 
ing from pupils. The results are verifi¬ 
able regardless of which teacher is ap¬ 
praising learner progress The verifica¬ 
tion principle is very important to 
teachers of science who adhere to real¬ 
ism as a philosophy of instruction 
Skinner (1979) was a leading advo¬ 
cate in stressing precise objectives for 
pupil attainment Reinforcement is em¬ 
phasized to reward correct/good re¬ 
sponses in learning Obseiwable, mea¬ 
surable results are obtained from what 
pupils have achieved Guesswork is not 
involved, but per cents, standard devia¬ 
tions, quarLile deviations, grade equiva¬ 
lents, and percentile ranks emphasize 
how well each pupil is doing in the area 
of science instruction. Numerical re¬ 
sults of pupil achievement in science is 
wanted by the realist teacher Scores 
form tests: objective evaluations of sci¬ 
ence expenments and demonstrations 
performed by pupils, ratings given to 
learner performance as well as re¬ 
sponses to questions, oral reports, port 
folios and related papers written in 
which interobseiwer reliability is in evi¬ 
dence, present data as to how well pu¬ 
pils are achieving These procedures 
qualify as objective means of apprais¬ 
ing learner progress 
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Mager (1972) stressed the impor¬ 
tance of writing objectives so they are 
operationalized Objectives are then spe¬ 
cific and clear to teachers, pupils, and 
other interested persons Learning op¬ 
portunities may be chosen and aligned 
with the stated objectives. AppraiSEil pro¬ 
cedures used to determine pupil achieve¬ 
ment are also aligned with the objectives. 
Quality validity and reliability are then 
in the offing A pupil reveals if he/she 
attained for did not attain a stated ob¬ 
jective. The realist science teacher wishes 
to know if pupils individually are or are 
not achieving objectives of instruction. 
The results may then be reported to 
parents in a very precise way. 

Prior to instruction, the teachers 
may announce to pupils which objec¬ 
tives will be emphasized in the science 
lesson or unit The pupil knows exactly 
what will be expected in terms of 
knowledge or skills to be obtained The 
involved pupil should have more confi¬ 
dence in learning when realizing what 
the instructor’s expectations ai'e. The 
science teacher might desire to arrange 
the objectives m an ascending order of 
complexity A logical sequence follows 
since the teacher sequences objectives 
in science for the pupil to achieve 
Advantages given for emphasizing 
realism as a philosophy of instruction 
are the following . 

1 . teachers may realize how success¬ 
ful they are in teaching since results 
form pupil learning are clear and 
observable 

2 . objectives, learning activities, and 
evaluation procedures are interre¬ 
lated in that the learning activities 
and the evaluation procedures must 
harmonize with the stated objec¬ 


tives Thus for example, it becomes 
easier to choose leaiming activities 
than otheiwise would be the case 
due to the hannony needed between 
these activities and the stated objec¬ 
tives 

3 effective schools research states 
that pupils achieve better if there is 
a clear relationship between the 
learning activities and the evalua¬ 
tion procedures with that of the 
objectives of science instruction 
(Edmonds 1982) 

Disadvantages given tor emphasiz- I 
mg realism as a philosophy of educa¬ 
tion stress the fragmented knowledge 
that pupils may learn since each objec¬ 
tive achieved emphasizes parts of a 
whole The teacher controls the science 
curriculum since he/she determines 
the objectives, learning opportunities, 
and evaluation procedures, pupils are 
not involved here in decision making. 
The products of instruction m science 
are emphasized, leaving little room for 
processes such as abstract thinking 
which is rather difficult to measure 
Examples of precise objectives for 
pupils to achieve m science are the fol¬ 
lowing: 

1 The pupil will write a paragraph in¬ 
dicating seven animals involved in 
a food chain. 

2 The pupil will make a drawing 
showing ten animals in a forest food 
web and their interactions. 

3. The pupil will list in writing the 
names of five parasites and their re¬ 
spective hosts 

4. The pupil will define each of the fol¬ 
lowing' producers, consumers, de¬ 
composers, symbiosis, and an 
aquatic/land community. 
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Experimentalism in the Science 
CmriciMlum 

Experimentalists stress a problem solv¬ 
ing approach in the curriculum They 
emphasize that individuals cannot 
know the real world as it truly is. Indi¬ 
viduals, however, obtain experiences of 
this reality. With experiences, changes 
occur in one's thinking and believing 
A changing world makes for problem¬ 
atic situations. Problems need identifi- 
cahon and solutions sought In the sci¬ 
ence curriculum, pupils with teacher 
guidance select a problem within an on¬ 
going lesson or unit of study. The prob¬ 
lem needs to be adequately delimited so 
that meaning and understanding is in¬ 
volved A hypothesis Is developed di¬ 
rectly related to the stated problem 
Information from a variety of sources is 
used by learners to arrive at a tentative 
solution. Experimentalists believe all 
knowledge to be tentative, not absolute. 
The result might well involve changing 
and modifying the original hypotheses 
The new hypothesis is then tned out in 
a concrete situation (Geiger 1955) 
Problem solving may be used in all cur¬ 
riculum areas and in life itself. Knowl¬ 
edge here is used to solve problems and 
is not an end in and of itself. The prac¬ 
tical and the utilitarian are emphasized 
within the framework of problem solv¬ 
ing knowledge secured from a variety 
of sources has an application dimen¬ 
sion. ITnowledge then is useful to solve 
problems in a changing world, science 
included (Ediger 1995) 

Experimentalists emphasize that 
school and society are one, not sepa¬ 
rate entities Since groups in society 
select and solve problems, pupils in 
committees also need to be involved m 


cooperative learning stressing problem 
solving School and society are one, not 
separate entities Dewey (1915) is still 
very widely recognized as a leading ad¬ 
vocate of experimentalism in teaching 
and learning In integrating the learner 
with the self as well as with the soci¬ 
etal arena, he advocated four character¬ 
istics of pupils which have wide impli¬ 
cations for the teaching of science 
These are that pupils possess the so¬ 
cial impulse in that they desire to work 
together with others in the curriculum; 
the constructive impulse in which 
learners like to learn by doing, not be¬ 
ing passive individuals; the investigative 
and experimentation inclination 
whereby pupils desire to learn by dis¬ 
covery rather than being told and lec¬ 
tured, and the creative or expressive 
impulse, rather than have rigid formal 
expectations for achievement 

Advantages given in emphasizing 
experimentalism as a philosophy of 
teaching science are the following. 

1. Pupil interest in science becomes 
paramount when they with teacher 
assistance identify problem areas. 
Interest m learning makes for effort 
in achieving 

2. Very young pupils in early primary 
grades may be involved in problem 
solving experiences (Ediger 1994) 

3 Problem solving is useful in all cur¬ 
riculum areas and in life itself when 
problems are selected and solutions 
sought 

Disadvantages of using experimen¬ 
talism as a philosophy of education in¬ 
clude problem selection being too diffi¬ 
cult as well as problem solving may not 
be a favorite style and way of learning 
for a few pupils Also motivation may 
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be lacking lor some pupils to identify 
and solve problems. 

The lollowing are examples of pos¬ 
sible problems for pupils to solve 

1 How do animals adapt to their natu¬ 
ral environment? 

2 How do cells differ in size and shape 
to fulfill their unique functions? 
How are cells similar in features 
possessed'? 

3 How do unicellular and multicellu¬ 
lar organisms differ from each 
other'? 

4, Winch life processes do all living 
things perform? 

Pertaining to John Dewey's philoso¬ 
phy of experimentalism, Meyer (1949) 
wrote' 

All of this, of course, depends upon 
in no small way on thinking For 
Dewey, however, thinking becomes sig¬ 
nificant only when applied to life situ- 
alions It is, he has said, "an instru¬ 
mentality used by man m adjusting 
himself to the practical situations in 
life," Or to phrase it more simply, hu¬ 
man beings think in order to live Be¬ 
cause of this stimulus, which has its 
basis m biology and sociology, it is 
impossible — it is absurd — to inter¬ 
pret life in a systematic and abstract 
way. Since, moreover, Dewey holds that 
life IS in constant flux, it is impossible 
1 0 solve problems with any degree of fi¬ 
nality for the problems of tomorrow will 
be different from those of today. 

As for the problem of knowledge, 
Dewey believes that knowledge and true 
experience is functional. What is this 
thing for? What is its use? Is 'a coal 
mine a physical deposit or does it have 
function? and if so, what is it? Such are 
the questions that help to give mean¬ 


ing to one’s expeiience; but such ques¬ 
tions cannot be answered without an¬ 
tecedent action. Action must precede 
knowledge Whatever knowledge we 
possess has resulted from our activities, 
our efforts to survive, to obtain food! 
shelter, and clothing Only that which 
has been organized into our disposition 
so as to enable us to adapt to our en¬ 
vironment to meet our needs and to 
adapt our aims and desires to the situ¬ 
ation in which we exist is really knowl¬ 
edge. 

Idealism in the Science Curricultan 

Idealists believe that one can receive 
ideas about the real world only Thus 
one cannot know the real world as it 
truly is independent of the observer 
Mental development in idealism be¬ 
comes of utmost importance since an 
idea centered world is in evidence Mind 
is real and needs development As a 
leading idealist still quoted widely pres¬ 
ently, Horne (1932) stressed the impor¬ 
tance of the use of reason and rational 
thought in arriving at truth. Concepts 
and generalizations or universals such 
as justice, truth, goodness, ethics and 
beauty have always existed and can be 
discovered by human beings. These 
universals are a prion, to an idealist, in 
that they have existed pnor to human 
experience. 

A subject centered curriculum in 
science is of paramount importance In 
science lessons and units of study, pu¬ 
pils should achieve vital concepts, and 
generalizations Depth teaching is 
needed to cultivate the intellect in guid¬ 
ing pupils achievement in science A 
multimedia approach in leaning is 
needed to assist pupils to achieve ab- 
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stracl ideas in science. The abstract to 
an idealist is superior to the concrete 
and semiconcrete in learning The con¬ 
crete and semiconcreLe facets of learn¬ 
ing in science are salient to the degree 
that learners attain the abstract such 
as vital facts, concepts, and genereiliza- 
tions in ongoing lessons and units of 
study Since reading and writing, in 
particular, stress abstract learnings, 
they should not be minimized in the 
science curriculum 

To emphasize a subject centred cur¬ 
riculum as idealists recommend, an 
academically inclined teacher needs to 
teach in a scholarly way so that objec¬ 
tives stressing inlellecLual goals are at¬ 
tained by pupils. Blanchard (1964) 
wrote ' 

The aim of thought from its very be¬ 
ginning, we saw, was at understanding. 
To understand anything meant to ap¬ 
prehend it in a system thal rendered it 
necessaiy Tlie ideal of complete under¬ 
standing would be achieved only when 
Lhe system that rendered it necessary 
was not a system that itself was frag- 
inentaiy and therefore contingent, but 
one that was all-inclusive and so orga¬ 
nized internally that eveiy part was 
linked to every other by intelligible ne¬ 
cessity 

Advantages given for emphasizing 
idealism as a philosophy of teaching 
science include the following: 

1. pupils ai'e to achieve signifiOcint sub¬ 
ject mailer Idealism emphasizes the 
acquisition of vital content in sci¬ 
ence that pupils need to attain. Uses 
made of knowledge in science need 
to emphasize what is just to all, 
what IS truthful, what is good in its 
application, what will truly stress 
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ethical dimensions, and that which 
has beauty in its aesthetical areas 

2. many pupils may be motivated to 
learn when an academic approach 
to learn science is stressed This 
might be especially appealing to the 
gifted and talented learners in sci¬ 
ence. All pupils need motivation to 
achieve and learn in science 

3. the abstract in idealism is preferred 
to the concrete and semiconcrete, 
relevant concepts, and generaliza¬ 
tions, and other universals empha¬ 
size abshact goals in science teach¬ 
ing Idealist advocate wholeness in 
knowledge, not fragmentation 
Knowledge is related in all of its 
manifestations 

Disadvantages given for idealism as 
a philosophy in Leaching and learning 
include minimizing a hands on ap¬ 
proach in learning science since the 
focal point of teaching is to have pupils 
develop well intellectually, placing em¬ 
phasis upon universals much more so 
than specifics — Lhe latter is salient m 
pupils cirnving at conclusions such as 
in science experiments; and integrating 
of knowledge to the point where science 
as a discipline is not as clearly defined 
as it might be Idealists tend to stress 
that which goes beyond the five senses, 
Thus metaphysics and the a priori are 
salient to an idealist 

Quality sequence m science might 
be slighted when abstract phases of 
learning are more prized more highly 
than the concrete and semiconcrete 
Most educators presently recommend a 
sequence of concrete, semiconcrete, to 
the abstract in teaching-learning situ¬ 
ations. Quite similar in sequence, 
Bruner (1968) advocated using manipu- j 
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lative materials such as objects and 
items, followed by iconic materials such 
as audiovisual materials which are one 
step removed from the manipulative 
phase: and then symbolic activities 
which stresses the abstract including 
reading and writing 

Objectives in science, according to 
idealism as a philosophy of education, 
might well stress the following univer¬ 
sal topics ■ 

1. monerans such as bactena and blue 
green algae. Monerans are prokary¬ 
otes in that they have no true 
nucleus They consist of producers, 
consumers, and decomposers A few 
move around whereas others are 
stationary. 

2 protists, such as paramecium, 
euglenas, diatoms, and cribaria. 
Protists are unicellular and have a 
true nucleus With a true nucleus, 
protists are eukaryotes, and are 
producers as well as consumers 

3 fungi, such as mushrooms and 
bread molds Most fungi are multi- 
cellulai'. Since fungi do not contain 
chlorophyll, most are decqmposers 
with a few being consumers. 

4 plants, such as mosses, liverworts, 
ferns, and seed plants Plants are 
eukaryotes and are producers. 
Plants do not move from one place 
to another 

Pertaining to idealism, Bigge (1982) 
wrote : 

The heart of idealism is the belief 
that basic reality consists of ideqs, 
thoughts, minds, or substantive selves, 
not physical matter. Since priority is 
given to minds, minds have bodies, but 
bodies do not have minds. Idealism car- 
nes vdth its view the idea of subsistence 


(the superexistence) of God, who also is 
basically mind or self The universe is 
an expression of intelligence and will; 
its order is due to an eternal, spiritual 
reality. For idealists, people are good- 
active substantive minds, they are ab¬ 
solutely real selves endowed with free 
will or genuine moral choice This phi¬ 
losophy has ancient roots; it dates back 
to Socrates (469-399 BC) and Plato 
(427-347 BC) 

Idealism really is idea-ism. The 
source of this title is based on Platonic 
thought For Plato, ideas only are genu¬ 
inely real, they consisted of immaterial 
essences That which people perceive is 
a shadow of reality; each thing that 
they perceive gets its existence from its 
Thingness, an idea A book is a book 
because of its being more or less an 
imperfect replica of Bookness A woman 
is a woman because she is a replica of 
Womanness. Plato’s assumed world of 
"eternal verities" consisted of the True, 
the Good, and the Beautiful 

We can trace the development of 
idealism by listing some of the leading 
philosophers who have contributed to 
this position and stating a leading idea 
that each has contributed to this phi¬ 
losophy. Socrates believed that children 
are born with knowledge already in 
their minds, but they needed help to 
recall this innate knowledge Plato con- 
tnbuted to the idea of Ideas, which are 
the universal forms of all existing 
things and are the essence of reality St 
Augustine (350-430) held a duahstic 
(mind-body) force of goodness. 

Existentialism and the Science 
Curriculum 

Existentialists believe that one exists 
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first, and then finds his/her purposes m 
life; there are no standards to guide 
human beings other than those devel¬ 
oped by the human race Most existen¬ 
tialists advocate that people are con¬ 
demned to be free with no a priori stan¬ 
dards in life. Individuals then make or 
break themselves due to the kind of 
society wanted. Each person chooses 
and makes choices continually To be 
human is to choose If a person permits 
the self to have someone else makes 
one's own decisions, then the individual 
ceases to be human 

Combs (1972) stresses that the way 
individuals perceive a situation will as¬ 
sist in determining how the individual 
will behave Perception is unique to the 
individual. Each person decides upon 
what IS true, judges what is good, and 
decides upon plans of action The sci¬ 
ence curriculum then must provide op¬ 
portunities for pupils individually to 
decide what to learn, that is the objec¬ 
tives of instruction The pupil needs to 
be heavily involved in selecting learn¬ 
ing opportunities as well as methods of 
determining progress. The teacher is a 
guide and encourages pupil learning 
The teacher, however, does not lecture 
nor determine the science curriculum 
for the individual pupil A learning cen¬ 
ters approach m teaching science may 
then be emphasized Here, there are an 
adequate number of centers with qual¬ 
ity tasks for learners at each center 
There needs lo be more tasks than 
what a pupil can complete so that in¬ 
dividual sequential choices may truly be 
made. A psychological, not logical, sci¬ 
ence curriculum is then in evidence. 
Each pupil may select tasks based on 
personal needs, interests, and pur¬ 


poses. The choice to be made is up to 
the individual pupil. If tasks do not 
meet personal needs of the involved 
learner, he/she might plan with the 
teacher what has merit and value to the 
pupil A contracL system might also be 
implemented in which the pupil with 
teacher guidance selects tasks to put 
into, a contract for completion The 
learner himself/herself is responsible 
for choices made. The individual per¬ 
ceives what is good and has quality 
Knowledge is subjective, not objective to 
the existentialist. For example, m a 
values clarification session, the pupil 
determines what is moral in terms of 
uses made of science and technology; 
the teacher has a difficult position as 
a stimulator and of one who encourages 
pupil learning. Being humane in an 
absurd environment is a major goal for 
pupil achievement in existentialist 
thought and thinking. 

Within an existentialist science cur¬ 
riculum. through pupil/teacher plan¬ 
ning a learner may select topics such 
as die following to pursue 

1 How do pesticides and herbicides 
help or hinder the natural environ¬ 
ment, This question pertains to 
curbing insects and weed growth for 
the raising of farm crops versus 
possible contamination of soil and 
water 

2 Flow does one deal with animals in 
a humane way"? This question 
stresses what to do with surplus 
dogs and cats roaming an area, as 
well as using animals for food and 
for scientific experiments 

3 Flow can the natural environment 
be used for development so that ad¬ 
equate numbers of jobs are avail- 
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able for workers versus the destruc¬ 
tion of natural habitats for wildlife"? 
4 How call the needs of individuals be 
met as well as those m the societal 
arenas? This raises the question of 
the individual versus the larger 
group in a community, state, na¬ 
tion, and the world 
Alston and Brandt (1978) write the 
following direct qiiote of Jean Paul 
Sartre, a late leading existentialist- 
Man is nothing else but what he 
makes of himself. Such is the first prin¬ 
ciple of existenfaalism It is also what 
is called subjectivity, the name we are 
labeled with when charges are brought 
against us. But what do we mean by 
this, if not that man has a greater dig¬ 
nity than a stone or table? For we mean 
that man first exists, that is, that man 
first of all IS the being who hurls him¬ 
self into the future and who is con¬ 
scious of imagining himself being in the 
future Man is at the start a plan which 
IS aware of itself, rather than a patch 
of moss, a piece of garbage, or a cauli¬ 
flower, nothing exists prior to this plan, 
there is nothing in heaven, man will be 
what he will have planned to be Not 
what he will want to be. Because by the 
word ’will' we generally mean a con¬ 
scious decision, which is subsequent to 
what we have made of ourselves. I may 
want to belong to a political party, write 
a book, get marned, but all that is only 
a manifestation of an earlier, more 
spontaneous choice that is called ’will’ 
But if existence really precedes essence, 
man is responsible for what he is Thus, 
existentialism’s first move is to make 
every man aware of what he is and to 
make the full responsibility of his ex¬ 
istence rest upon him And when we 


say that a man is responsible for indi¬ 
viduality, but that he is responsible for 
all men 

The Psychology of Education 

Pnnciples of learning from the psychol¬ 
ogy of learning give direction to the sci¬ 
ence teacher in teaching-learning situ¬ 
ations in ongoing lessons and units of 
study. Ediger (1994) lists the following 
criteria upon which educational psy¬ 
chologists agree should be followed by 
teachers, 

1. meaningful learning experiences 
should be provided to pupils in the 
cumculum. 

2. interesting content and skills 
should be offered m lessons and 
units of study 

3. purpose needs to be established 
within pupils for learning 

4. quality sequence for pupil learning 
is a must, 

5. rational balance among knowledge, 
skills, and athtudinal objectives is 
important in the instructional 


In Summary 

Science teachers need to select tenets 
from the philosophy of education which 
stress pupils attaining vital content, 
abilities, and attitudes In reviewing the 
different philosophies of education dis¬ 
cussed in this paper, the following is 
salient from each philosophy. 

1. clarity in objectives of science in¬ 
struction, carefully selected, as rec¬ 
ommended by realists However, it 
is important to avoid fragmenting 
knowledge obtained by pupils 

2, problem solving procedures as rec¬ 
ommended by experimentalist. Life 








m society emphasizes the impor¬ 
tance of being able to solve personal 
and social problems. 

3. major concepts and generalizations, 
as umversals in science, advocated 
by idealists. 

4. decision making opportunities in 
science as recommended by existen¬ 
tialists. Each person needs to learn 
to make decisions. 

I believe that a problem solving phi¬ 
losophy encompasses the other three 
philosophies. I recommended problem 
solving as a major philosophy of edu¬ 
cation to emphasize in teaching science 
due to its relevance m the curnculum 
and in life itself. Problems abound and 
need solutions. Knowledge acquired 
then IS instrumental or useful in prob¬ 
lems to be solved which are selected by 
pupils with teacher guidance. 

Ediger and Rao (1996) wrote ihe fol¬ 
lowing in summarizing different psy¬ 
chologies of teaching : 

Comparisons were made among the 
following models in teaching science : 

1. problem solving with teacher guid¬ 
ance. 

2. behaviorism with its predetermined 
precise objectives for student attain¬ 
ment 
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3 humanism and its emphasis upon 
students selecting sequential activi¬ 
ties from among alternatives 

4. the structure of knowledge with key 
concepts and generalizations iden¬ 
tified by academicians m their re¬ 
spective areas of specialization Sci¬ 
ence teachers assist students to 
achieve these structural ideas in¬ 
ductively using methods and proce¬ 
dures of scienbsts in a science labo¬ 
ratory setting. 

5. stimulus-response learning of stu¬ 
dents in which a specific response 
IS associated with a precise stimu¬ 
lus 

The writers advocate a problem 
solving approach be utilized in teach¬ 
ing science From a ■stimulating learn¬ 
ing environment in science, students 
with teacher guidance identify and solve 
vital problems Problem solving skills 
are useful in all academic, areas, as well 
as in the societal arena Behaviorism, 
humanism, the structure of knowledge, 
and shmulus-response learning may be 
emphasised within the framework of 
problem solving situations Subject 
matter in science may then be utilized 
in the problem solving science curncu¬ 
lum. 
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mprovement in the quality of 
science and technology educa¬ 
tion has been one of the 
major concerns of the educational, ad- 


I 


rainistralive and political leaderships m 
all the countnes of the world Every day 
new principles, materials and devices 
are discovered and being made use ol 
in bringing out new gadgets and mslm- 
ments to help the population in per¬ 
forming their tasks at homes and work 
places more efficiently and economi¬ 
cally. Besides this, the world of twenty- 
first century will be more technologically 
oriented than the world of today We 
know that knowledge is growing expo¬ 
nentially and more than doubling in 
volume m a decade The pace of devel¬ 
opment in the fields of science and 
technology will be much more in the 
years to come. Hence, in this age of fast 
changing and developing technologies it 
has now become necessary for all the 
countnes, especially developing coun¬ 
tries like ours, to reorganize and im¬ 
prove the curricula in education inclu¬ 
sive of general education as well as that 
of science and technology education at 
school level. Since time available for 
formal education in schools is limited, 
as compared to the knowledge to be 
imparted, it may also be required to 
improvise and reform mechanisms of 
transactions and teaching methods 

Present Status of Science Education 

We find that a system of education has 
come to stay which gives more impor¬ 
tance to ‘learning from books' and thus 
there are few teachers who make full 
and effective use of other printed mate¬ 
rials, laboratoiy equipment and the en- i 
vironment in imparting instructions to 
children Time and society need citizens 
who are socially productive and use 
their education and training through 
better use of materials and manual ac- 
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tivitles so that Ihe life can be more en- 
pyable and be more rewarding aL work¬ 
places and homes 

In oiir school curriculum we have 
taken care to include ‘Social Studies, 
Mathematics and Science’ as a part of 
general education besides languages 
and socially useful productive work 
However, technical activities involving 
manual skills hai'dly had a place in the 
cumculum. This is an area which needs 
serious consideration to meet the chal¬ 
lenges and demands of the future soci¬ 
ety 

The need for improving science edu¬ 
cation in the countiy had been felt since 
the sixties and several efforts have been 
made to improve the teaching of science 
at school level. But the efforts have been 
mainly concentrated towai'ds improve¬ 
ments in textbooks, revision of syllabi, 
strengthening of laboratory and libraiy 
facilities, short-term In-seiwice and re¬ 
fresher training and enrichment 
courses and orientation of teachers. 
However, science curriculum needs to 
be dynamic enough to keep pace with 
the developments in the field of science 
and technology. The content of course, 
therefore needs to be updated continu¬ 
ously to meet the new demands Science 
and technology have tremendous impact 
on the society This needs to be reflected 
in our cumculum. Concept of science 
becomes applicable through technology. 
Till science is applied through techno¬ 
logical products it remains "bookish" 
looked up in laboratories and cupboards 
only as a principle or a resource for 
“thinking" but it needs to be a resource 
for ‘doing’. 

To make science teaching participa¬ 
tory and activity based in our country, 


UNESCO has provided assistance in the ’ 
form of import of equipment, experts 
and financial support to establish cur¬ 
riculum and equipment development 
centres It stressed on a practical ap¬ 
proach for the design, development and 
mass production of equipment from lo¬ 
cally available inexpensive materials as 
well as waste materials such as pins, 
bottles, old tins In India, the National 
Council of Educational Research and 
Training, New Delhi provided leadership 
and developed a number of science kits 
for teaching science at primary and 
middle school levels of education At 
secondary level, electronics kits have 
also been developed But coming to re¬ 
alities to exploit this approach was 
easier on paper than on the shopfloor 
unless one is equipped with a good 
workshop facilities. Because consider¬ 
able scientific insight, technology sup¬ 
port and practical skills are required to 
translate the ideas in the form of equip¬ 
ment, Only expert teachers with enough 
experience with hand-tools can succeed 
in such ventures Secondly, the teach¬ 
ers teaching in secondaiy schools have 
been ‘brought up and' trained’ on pure 
science background and often lack the 
skill and ability to fabricate equipment 
on their own from locally available, in- 
expfensive and waste matenals It is like 
making a receipt from a ‘cookery book’ 
without actually having made one ear¬ 
lier. 

We are heading for science and tech¬ 
nology based society and cumculum in 
schools has been changing continu¬ 
ously It IS hoped that science teaching 
is really going to benefit the populabon 
not only in solving their problems of 
daily-life but also to cope-with rapidly 
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rhan,£fmg technologies at work places 
and at homes. In this age of science and 
technology most of us would be called 
upon to preserve, maintain and repair 
our own houses, furniture, electrome¬ 
chanical toys, electncal, mechanic'al and 
elec ironies gadgets which are becoming 
essential parts of our day-to-day life. 
Many of these items c'ould be easily re¬ 
paired and maintained by us To do so, 
we need not become skilled craftsmen 
What IS actually needed is a basic tech¬ 
nical Itnowledge, ability and skill besides 
some exposure apd ‘hands on’ experi¬ 
ence Really speaking, without an early 
age exposure many of us develop an 
emotional barrier, status consciousness 
or false pride and an attitude for not 
getting 'our hands dirty’. It is this atti¬ 
tude which forbids our learning and 
training in (his field. li is this barrier 
which needs to be broken This requires 
an in-buili mechanism in school cur¬ 
riculum that may provide enough scope 
to imparl basic skills to initiate action 
to solve some of the household problems 
mentioned above besides developing 
proper attitude to undertake such an 
exercise This objective can be achieved 
to some extent by making development 
of technical skills an essential compo¬ 
nent of school curriculum. 

Introduction of Technical Education 
Awareness in Schools — A Pasic Cur¬ 
riculum (“TEACH-ABC") may prove to 
be helpful in this regard.; The basic 
purpose of the proposed curriculum is 
not to impart the skills of a cai'penter. 
plumber, mechanic, electrician, painter 
or similar other trades but to make the 
students appreciate dignity of labour 
and in the process acquire certain skills 
which may be useful in everyday life It 


IS envisaged that TEACH-ABC will be 
valuable particularly for future execu¬ 
tives and managers as they will be 
called upon to assess the feasibility of 
industrial projects and would need 
more than a textbook knowledge of 
problems likely to be faced. At present 
science teaching is oriented towards 
either verifying already known experi¬ 
mental results or demand ‘the exact’ 
explanation. But unlortunately, the 
real-life situations and problems require 
an entirely different approach m which 
various alternative solutions ol a prob¬ 
lem need to be considered ‘Ideal' or 
‘Right’ solutions have to be considered 
against economic ones which include 
material, labour and time factors be¬ 
sides their impact on society Perhaps 
there is a need to change the culture 
of science education from ‘reading 
about Science’ to 'performing with sci¬ 
ence' through manual activities Hence 
science education needs to be practice- 
oriented througli the integration of 
Technical Education Awareness in 
Schools 

Rationale for Relating Technology 
to Science Education 

It is through science that we get the 
fundamental knowledge to develop tech¬ 
nology and use it for betterment of 
mankind The present day children are 
far more informed because of their ex¬ 
posure to an enriched environment as 
compared to the previous generation 
Hiey have grown with and used a vari¬ 
ety of products of technology in the form 
of radio, television, telephone, mobile 
phone, pager, photocopier, motor car, 
bicycle, sewing machine, electnc iron, 
electnc, fan, furniture, calculator, digi- 
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tal and analog watches etc Although ! 
children take these gadgets and things 
as a matter of fact yet they are keen to 
know and learn about their design, con¬ 
struction, principle of working and op¬ 
eration besides being curious about the 
materials, process and tools they are 
made up of. Children also observe that 
wires used in connecting an electric 
heater, a telephone instrument, a pole 
or an antenna with a television are dif¬ 
ferent They also observe that the fur¬ 
niture items in homes and at schools 
are usually painted and varnished once 
in a year or two They see how a me¬ 
chanic removes a rusty nut and lubri¬ 
cates the moving parts in a bicycle or a 
sewing machine to enable its smooth 
operation i.e greater efficiency Many 
children often their show eagerness to 
make and repair things of daily use with 
their own hands. Are our children suf¬ 
ficiently equipped in knowledge and skill 
to face and accept this challenge? Per¬ 
haps, they are neither adequately 
trained nor exposed to such things But 
we can’t afford to sit back and watch, 
perhaps introduction of Technical Edu¬ 
cation Awareness in Schools —A Basic 
Curriculum" (TEACH-ABC) as an inte¬ 
gral part of school education may pro¬ 
vide answers to some of these ques¬ 
tions What should it contain? Where is 
it to be introduced'? 

What should be its status in cur¬ 
riculum? How should it be taught? 
What about teachers and physical fa¬ 
cilities? Whether "TEACPI-ABC may 
form a part of science education, so¬ 
cially useful productive work or combi¬ 
nation of these These are some of the 
many issues involved that need to be 
considered. 


Aims and Objectives 

TEACH-ABC Course should be devel¬ 
oped on the basis of the following aims 
and objectives 

1 To provide students with basic 
knowledge, experiences and skills 
with hand tools, materials, pro¬ 
cesses and technology to equip them 
to tackle simple problems in daily 
life at homes and workplaces 

2 To develop confidence in making use 
of variety of things and gadgets and 
to undertalce their maintenance and | 
repairs by exposing students to situ¬ 
ations and problems where they tiy 
to find what will malce them work? 
What could be the fault if they do 
not work? What will make them 
work and how to upkeep them? 

3 To make them aware and provide 
experience with various types of 
uses of oils, paints, varnishes and 
lubricants These may include their 
use for maintenance, preservation 
and improvement of wooden, metal 
or plastic surfaces: removal of stains 
and spots, removal of rusted nuts, 
simple mechanical devices such as 
bicycles, sewing machines, hand or 
animal driven carts, agricultural 
implements, automobiles etc. 

4. To equip them with basic skills de¬ 
sirable for making mechanical joints 
and undertaking repairs of things 
made up of wood, metals, plastics 
and rubber. This will provide them 
basic understanding and expenence 
to take up jobs requinng joints, sol¬ 
dering, welding and use of adhe¬ 
sives 

5 To make them aware of the proper- 
*• ties of various materials, different 
types of woods used in furniture and 
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al home, metals and alloys used in 
making kitchen wardrobes and in 
the construction ol houses, plastics 
and rubbers used in homes, and m 
industries 

6. To make them aware of the fact that 
the eonnectmg chords used for dif¬ 
ferent purposes such as for televi¬ 
sion aerial, table lamps, electric 
heater, telephone instniment, micro¬ 
phone and overhead lines differ in 
their materials and design and also 
to appreciate the reasons for choos¬ 
ing dilTcrent ratings of fuses for dif¬ 
ferent purposes, 

7 To expose the children to allerna- 
bves for differenL melals for day-to- 
day use and reason out why particu¬ 
lar shape, size and material has 
been used through examples. Why 
are nvettes made up of aluminium'? 
Why brass has been chosen for elec¬ 
trical plugs and pins'? Is it essential 
lo use copper coating for electrical 
wires and plastic or rubber for cov¬ 
ering them? 

8. To help them draw analogy between 
domestic electrical circuits and wa¬ 
ter supply system At the same time 
making them aware of the hazards 
associated with careless handling of 
electrical lines and gadgets This 
should, however always be borne m 
mind that the exposure of children 
with various technical skills should 
noi be construed to provide the 
knowledge and skills equivalent to 
that of a professionally skilled 
worker like that of a carpenter, 
plumber, electrician, painter or me¬ 
chanic. The mam objective of th^ 
purposed curriculurii is to encour¬ 
age a positive attitude and approach 
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towards dignity of labour. The 
course should aim to inculcate a 
practical problem-solving approach 
in children This should not be re¬ 
stricted only to the identification 
and spelling out the use of compo¬ 
nents and materials but should 
have ‘hands on' experiences as an 
integrated and essential component 
It is envisaged that this concept will 
not only help m improving teaching/ 
learning process but would also play 
an important role in enhancing un¬ 
derstanding of basic concepts of sci¬ 
ence and would be an esseniial re¬ 
quirement in the liberalized and 
globalized environment 

Teachers for Teaching “TEACH-ABC" 

The role of teachers is pivotal in spread¬ 
ing and making the concept of techni¬ 
cal education such as TEACH-ABC ac¬ 
ceptable through the 'right selection’ 
and the ‘right use’ of materials and se¬ 
lection of appropriate practical situa¬ 
tions and problems Highly competent 
and skilled technical personnel are al¬ 
ways in great demand and have a high 
employment potential in industry busi¬ 
ness and trade It may, therefore, be 
dilflcult to engage a large number of 
highly technical qualified personnel as 
teachers. Secondly appointing addi¬ 
tional personnel may also have finan¬ 
cial implications which itself may prove 
to be an impeding factor for the success 
of technical education Science teach¬ 
ers with proper orientation and train¬ 
ing may bridge gap We could even 
make certain changes in the curnculuni 
of pre-service Lrainmg of science teach¬ 
ers to make room for technical knowl¬ 
edge and skills. Some institutions m 
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the countiy (e g. Regional Institutes of 
Education under NCERT, New Delhi) 
have in the past made some efforts in 
this direction. Four-year courses lead¬ 
ing to Bachelor of Science Education 
conducted by Regional Colleges of Edu¬ 
cation (now RIE) in seventies These in¬ 
stitutes can provide direction amd lead¬ 
ership in this field. Once technology 
finds a place m science curricula, fu¬ 
ture generation ol students and, obvi¬ 
ously of science teachers that will have 
a background ol technical knowledge, 
competence and skills will be available. 
Another factor which may facilitate this 
trend is the overall industnal develop¬ 
ment, resulting in ever increasing num¬ 
ber of household gadgets and equip¬ 
ment Their use is expected to gener¬ 
ate a demand for education, awareness, 
and expenence about the technology in¬ 
volved in their usage, maintenance and 
repairs Thirdly, the non-availability 
and increased cost of even minor re¬ 
pairs and maintenance will encourage 
and force individuals to acquire techno¬ 
logical competence and skills Through 
training, science teachers will be able 
to acquire enough competence and 
skills in technology required to teach 
and conduct courses sufficient to im¬ 
part basic knowledge and skills rather 
than producing skilled craftsmen and 
facililies, 

Material and Facilities for Teaching 
"TEACH-ABC" 

For introducing technology course we 
need some equipment cmd matenals but 
to provide lavish workshops which 
would become a museum of instru¬ 
ments and machines is not the thing we 
are aiming at. If we provide sophisti¬ 
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cated and costly equipment and mate¬ 
rials the teachers would never use them 
instead will keep them stored and 
locked up for the fear of being held re¬ 
sponsible for any loss or breakage. Sec¬ 
ondly, the facilities for repairs of sophis¬ 
ticated and expensive equipment is 
available only at a veiy selected places 
and big cities and requires highly 
skilled technicians besides costing 
unaffordable sums of money However, 
we can develop some kits such as hard¬ 
ware kit, electncal kit, hand tool kit and 
materials kit The actual component of 
these kits will depend upon the cumcu- 
lum 

Evaluation 

The major objective of the proposed 
technology course is to provide experi¬ 
ences and effecbve use of tools, technol¬ 
ogy, processes and materials through 
their applications m daily life situations 
and problems. Whether the objectives 
have really been achieved depends to a 
large extent on the methods of evalua¬ 
tion used. Since the contents of tech¬ 
nology course is practice-onented, its 
evaluation has to be through a differ¬ 
ent method than the traditional paper 
pencil tests. The most suitable method 
of evaluation perhaps would be to stress 
on finding solutions for day-to-day real 
life problems and situations through 
laboratory exercises If this is not pos¬ 
sible for some reasons and we are re¬ 
quired to follow the prevalent traditional 
mode of "written" exammations then the 
emphasis of questions should be on to 
assess whether practical exercises dur¬ 
ing teaching/learning process have pro¬ 
vided enough scope to develop effective 
use of matenals and tools. 
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Conclusions 

Tlie issues concerning introduction of 
Technical Education Awareness in 
Schools lor students of secondary stage 
need to be carelully examined, In order 
to arrive at plausible solutions for wider 
implcmentation a pilot study may be 
undertaken to making use of existing 
science laboratories through minimal 
addition of stafl and equipment, of 
course, the teachers have to be trained 
and tuned for a practical-oriented prob¬ 
lem-solving approach. Since existing 
textbooks or matenals may not cover all 


aspects of the proposed course, a group 
comprising of curriculum developers, 
equipment designers and science teach¬ 
ers could develop a comprehensive plan 
of action for the programme ol technol¬ 
ogy instruction including list of learn¬ 
ing situations, materials, laboratory 
equipment, textual material to support, 
manual ot activities, tools and tech¬ 
niques of formative, and summative 
evaluation and all other related aspects. 
Based on the expenences and findings 
of the suggested pilot study a curricu¬ 
lum on technology education may be 
developed lor wider implementation. 
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hen properly taught to a high 
school student, chemistry is a 
powerful aid towards getting 
nm to think m logical and orgamsed 


way To make high school chemistry 
merely descriptive is fully as fatal as to 
restrict it discussions of atoms, mol¬ 
ecules and various questionable theo¬ 
ries connected to them A high school 
course in chemlstiy should endear the 
study of natural phenomena to the stu¬ 
dent and lead him to see the important 
relationships between the chemical 
changes and the other phenomena of 
our every day existence" (Prof Louis 
Kehlemberg, 1914) 

Chemistry is the study of the prop¬ 
erties, the composition and the struc¬ 
ture of matter, the changes that occur 
m matter and energy that is released or 
absorbed duiing these changes Chem¬ 
istry, like all the natural sciences is an 
experimental science The general aim 
of chemistry is to discover everything 
possible about all the charactenstics of 
matter, 

’Teaching of chemistry at higher sec¬ 
ondary level is a major change from the 
traditional learning in India Basic 
chemical concepts are developed m the 
beginrang and applied to the study of 
elements and their compounds m the 
latter units. The chemical facts to be 
taught should be presented m the or¬ 
der of difficulty of comprehension 
rather than in strict logical order 
Teaching chemical equations which 
are special forms of communication in 
chemistry, requires a thorough knowl¬ 
edge vSince chemical equations are the 
most important concepts in chemistry 
which can be used from the school 
laboratory to the research in universi¬ 
ties and chemical laboratories, knowl¬ 
edge of these chemical equations is a 
must for every student studying chem¬ 
istry. The stage at which symbols, for- 
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mulae and equations are introduced 
into school vanes widely 

Chemical equations are representa¬ 
tion of reactions in terms of the sym¬ 
bol and formulae of the elements and 
compounds involved Chemical equa¬ 
tions report the results of experimen¬ 
tation. One of the goals of chemistry is 
the discovery and development of prin¬ 
ciples that make it possible to predict 
the products of chemical reactions. 


Need for the Study >d ■-'i 

For any subject, basic fundamentals, 
fundamental concepts and principles 
ai-e the basic units of that particular 
subject which are essential to know, 
study, learn and rnaster that subject. 
For learning chemistry the basic funda¬ 
mental knowledge of atoms, molecules, 
atomic structure, chemical bonding, 
periodic table, symbols of elements, for¬ 
mulae of compounds, chemical equa¬ 
tions, etc , are the most fundamental 
things that are essential to pursue the 
study of chemistry. 

The high school students of Andhra 
Pradesh state are exposed to the knowl¬ 
edge of chemical equations from Class 
6 to Class 10 (high school) level. When 
a student finds it difficult to proceed 
forward in the set/prescribed direction 
m learning the subject of chemistiy, it 
is obvious and natural that there must 
be some difficult aspects that the stu¬ 
dent has not able to understand prop¬ 
erly, the way it should be, and ulti¬ 
mately begins and continueabo commit 
errors in those felt difficult aspects. 

The present study is basically a di¬ 
agnostic study intended to diagnose 
and identify the relatively difficult as¬ 
pects of ‘writing and solving of chemi¬ 


cal equations'. This diagnostic study 
can help to suggest modifications to the 
existing curri’ithlum and prevailing prac¬ 
tices of the teaching-learning processes 
with regard Classes to 9,10, and the 
junior intermediate chemistry 

Focus of the Study 

The focus of the present study is to di¬ 
agnose and identify the common errors 
committed by students in writing and 
solving chemical equations and the ar¬ 
eas in which the students are strong 
and weak and the level of attainment 
of the concept in different classes 

Objectives of the Study 

1. To identify the common errors com¬ 
mitted by students of Classes 9,10 
and junior Intermediate in writing 
and solving of chemical equations, 

2. To list out the areas in which the 
students are weak and strong. 

3. To analyze the nature of‘Errors 

4. To compare the common areas in 
which the students commit more 
mistakes, 

5 To compare the significant differ¬ 
ence in the perfc/rmances of stu¬ 
dents class-wise in different areas. 


Review of Related Literature 

Research literature regarding ‘diagnos¬ 
tic studies’ In physical sciences con¬ 
cerning school children in Indian 
schools is very limited. Comparatively 
less amount of work Is reported regard¬ 
ing physical sciences and on its teach¬ 
ing especially chemistiy 

Bountra, R.K. (1970) constructed 
and standardized an achievement test 
in physical science (physics and 
chemistiy) for high school classes in 
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Uttar Pradesh. 

Adinarayana, V (1976) studied the 
conceptual development in chemistry 
among the intermediate students by 
using a diagnostic test 

Durgarani, Ch, (1981) studied the 
conceptual attainments in chemistry 
among 8th clas^""^^ildren. 

Pachaury, AC.. (1990) studied bal¬ 
ancing chemical equations by high 
school and college students and pre¬ 
service science teachers 

Tool 

From the review of related literature, 
the previous investigations and from 
the objectives of the study the investi¬ 
gator felt that a diagnostic test will 
serve the purpose of the investigation. 
A test was constructed to diagnose and 
identify common errors committed by 
students m the following ten areas m 
which a student is expected to show 
proficiency so that he can properly 
write and solve chemical equations. 

1. Identifying the symbol of an ele¬ 
ment 

2. Identifying the name from its sym¬ 
bol 

3. Identifying the groups and periods 
of elements in the periodic table. 

4 Identifying the reactivity of ele¬ 
ments 

5 Identifying the formulae of com¬ 
pounds V 

6 Identifying the names of com¬ 
pounds from the given formulae. 

7 Identifying thq^qaqfivity of ele¬ 
ments MB " 

8. Balancing the given unbalanced 
chemical equation 

9 Representing chemical reactions in 
terms of balanced ctoerhical 
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equations 

10. Representing chemical equations in 
descriptive form. 

Five suitable test items were con¬ 
structed for each area The final test 
form contained 50 test items, each item 
carrying one mark 

Sample 

The test was administered to 150 stu¬ 
dents from each class i e 9th class, 
10th class and junior intermediate of 
different schools and colleges The stu¬ 
dents were selected randomly from their 
nominal rolls with the help of the con¬ 
cerned authonties. The test was admin¬ 
istered for 60 minutes. 

Scoring 

Each correct response was given a 
score of one and a partially n,ght, par¬ 
tially wrong, incorrect and incomplete 
response received a score of zero, The 
scores for each area and the total 
scores of each student was recorded 
and were tabulated for statistical analy¬ 
sis Item analysis was made to note the 
errors and identify the type of errors 
committed by students 

Statistical Treatment of Data 

Data were treated statistically in two 
areas. Mean standard deviation. Stan¬ 
dard error of mean, Lowest confidence 
intervals were calculated. Analysis of 
variance (ANOVA) and ‘t’ tests were 
computed for contrast pair mqan differ¬ 
ences in the achievement of students in 
different areas. Discrimination index 
values for each test item, for each class 
were calculated from in which the er¬ 
rors committed by students were clas¬ 
sified. 





Results 


Table 1 


Achievement In writing and solving of 
chemical equations — class wise 
comparison 


Sample 

N 

Mean 

SD 

SE Lowest 

Confidence 
Interval 

9th class 

50 

18 62 

8.0 

1 13 

164 

lOlh class 50 

24,22 

7.0 

0 99 

22 3 

Jr. Inter 

50 

28.26 

7 21 

1 02 

26 3 


ANOVA yielded an F value of 20.88 
which IS significant at 0 01 level {df 
2,147). There is a significant difference 
among the three groups in writing and 
solving of chemical equations, ‘f tests 
were run for the contrast pair differ¬ 
ences. 

Significant differences exist between 
the subject of 9th class and 10th class 
(t=3.68: df = 98: p<0 01) 10th class and 
Junior intermediate (t=2 81; df 
98;p<0.0]) 9th class and Junior inter¬ 
mediate (t=6.26: df 98: p<0.01) in wnt- 
ing and solving of chemical equations 
on the whole. 

Table 2 

F ualues and ‘f values for contrast pairs 
in area 1 


In the area of identifying the sym¬ 
bol of an element (area 1) ANOVA 
yielded an F value of 14-76 which is 
significant at 01 level. From the‘t’ val- 
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ues of contrast pairs it is drawn that no 
significant differences exist between 9th 
and 10th class. But significant differ¬ 
ence exist between 10th and Jr inter 
and 0th and junior inter m this area 

Table 3 

F values and values Jbr contrast pairs 
in area 2 

F=3.44. df = 2,147, p<.05 ' 

Contrast pair i p 

9th - lOih class 1.42 NS 

10th - Jr Inter 1.08 NS 

9th - Jr inter 2.70 01 

In the area of identifying the nalne 
of given symbol of an element (area 2) 
ANOVA yielded an F value of 3 44 which 
is Significant at .05 level. From the ‘f 
values of contrast pairs it is drawn that 
no significant difference exist between 
9th - iOth classes and lOth-Junior in¬ 
termediate. But a significant difference 
exist between 9thjunior intermediate 
in this area, 

Table 4 

F values and 'V values for contrast pairs 
m area 3 

F=18 15: df = 2,147; p<.,01 


F=14 76 df 

= 2,147; p<01 

; Contrast pair 

t P 




• 9th - 10th class 

3 99 01 

Contrast pair 

t 

P 

• 10th - Jr, inter 

1,93 NS 

9th - lOih class 

0.057 

NS 

• 9th - Jr. inter 

5 12 01 

10th - Jr. inter 

4.52 

.01 



9 th - Jr. inter 

5 48 

.01 

; In the area of identifying the group 


and period of an element (area 3) 
ANOVA yielded an F value of 18 15 
which is significant at 01 level. From 
the ‘t’ values of contrast pairs it is 
drawn that significant differences exist 






COMMON ERRORS IN WRITING AND 
SOLVING OF CHEMICAL EQUATIONS 

between 9th class-10th class and 9th 
class-junior intermediate but there is no 
significant difference exists between 
10th class-junior intermediate in this 
area. 

Table 5 

F values and 't' values Jbr contrast pairs 
in area 4 

' F=U 83, df = 2,147. p<01 


Contrast pair 

t 

P 

QUi - lOlh class 

2.68 

.01 

10th - Jr inter 

2,51 

.05 

9fh - Jr. inter 

4 38 

01 


In the area of identifying the reac¬ 
tivity of elements [area 4) ANOVA 
yielded an F value of 11.83 which is 
significant at 01 level From the ‘t’ val¬ 
ues of contrast pairs it is drawn that 
there exist a significant difference be¬ 
tween the contrast pairs in this area 

Table 6 

F values and ‘f values for contrast pairs 
in area 5 

F=1 92: df = 2,147; p<.05 

In the area of identifying the for¬ 
mula of a compound (area 5] ANOVA 
yielded an F value of 1.92 which is in¬ 
significant at 05 level. Hence there is 
no mean difference among the three 
groups in this area 

Table 7 

F values and T values for contrast pairs 
in area 6 

F=26 09 , df = 2,147, p< 01 


Contrast pair 

t 

P 

9Lh - 10th class 

04 

NS 

10th - Jr inter 

5 66 

.01 

9th - Jr. inter 

5.98 

,01 


In the area of identifying the name 
of a given formula of a compound (area 
6] ANOVA yielded an F value of 26.09 
which is significant at 01 level. From 
the ‘t’ values of contrast pairs it is 
drawn that no significant difference 
exists between 9th-10th classes and 
there is a significant difference between 
10th class-junior intermediate and 9th 
class-junior intermediate m this area 

Tadie 8 

F values and't' values Jor conlrasi pairs 
in area 7 

F=3.3 , df= 2,147, p<.05 


Contrast pair 

t 

P 

9th - 10th clas.s 

2 54 

0 05 

10th - Jr. inter 

1,14 

NS 

9th - Jr. inter 

1.43 ■ 

NS 


In the area of identifying the reac¬ 
tivity of the reactants (area 7) ANOVA 
yielded an F value of 3 3 which is sig¬ 
nificant at .05 level From the ‘f values 
of contrast pairs it is drawn that signifi¬ 
cant difference exists between 9th class- 
10th class But there is no significant 
difference between the other groups 

Table 9 

F values and values Jor contrasi pairs 

in area 8 

F=7 93 : df = 2.147; p< 01 
_LU_1_ 


Contrasi pair 

t 

P 

9th - 10th class 

2 21 

.05 

10th - Jr inter 

1 82 

NS 

9th - Jr inter 

3 94 

01 


In the 'area of balancing the equa¬ 
tions (area 8) ANOVA yields an F value 
of 7.93 which is significant at 01 level. 
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From the ‘L’ values of ronlrasL pairs if 
is drawn that no Hiftaificant diflerence 
exist between 10th class-junior inter¬ 
mediate but siflnilicant differences ex¬ 
ist belween the remaining groups. 

Tahu: 10 

F values and values jor conlmsl pairs 
m area 9 


F=8.65 , 

df =' 2,147. p< 01 

CorUiasl pair 

1 

P 

9lli - lOih clcLss 

2 22 

05 

lOlh - ilr, inter 

1.05 

NS 

91h - di. inter 

3 59 

.01 


mediate but significant differences ex¬ 
ist between the other groups. 

Classification of Errors 

For analyzing the type of error, any test 
item which is con-ectly answered by 70% 
and above of the students is categorized 
as "Individual Error", a test item which 
is correctly answered by 40-69% of the 
sample IS classified as "Conceptual Er¬ 
ror" and a lest item which is correctly 
answered by less than 40% of the sample 
and a student commits a mistake is clas¬ 
sified as "Instructional Error". 


In the area of representing a chemi¬ 
cal reaction in terms of an equation 
(area 9) ANOVA yields an F value of 
8.65 whu'h IS significant at .01 level. 
From the ‘f values of contrast pairs it 
is drawn that no significant dilference 
exists between 10th class-junior inter- 
mcduite but significant differences ex¬ 
ist between the other groups. 

Table 11 


F values and 'i' values Jor contrast pairs 
in area 10 


F=6,41; df 

= 2,147; p< 01 

Contrast pair 

t 

P 

9th - lOlh elass 

2 84 

.01 

10th - Jr. inter 

0.28 

NS 

Otli - Jr. Inter- 

3 18 

,01 


In the area, of representing a chemi¬ 
cal equation in descriptive form (area 
10) ANOVA yielded an F value of 6.^41 
which is significant at .01 level From 
the ‘f values ol contrast pairs it is 
drawn that no significant difference 


Table 12 


Comparative statement of the errors 
committed: class wise-area wise 


Area 

Items 

Errois o/ 

Errors oj 

Errors oJ 



9lli class 

J 0th class 

Ji Inter, 

1 

5 

A-4 

A-4 

A-5 



B-1 

B-1 


2 

5 

A-5 

A-5 

A-5 

3 

5 

A-1 

B-4 

A-2 



C-4 

C-1 

B-3 

4 

5 

A-1 

A-2 

B-4 „ 



B-1 

C-3 

C-1 



C-3- 



5 

5 

A-1 

A-1 

A 1 



B-1 

B-1 

B-1 



C-3 

C-3 

C-3 

6 

5 

B-1 

B-1 

A-1 



C-4 

C-4 ■ 

B-4 

7 

5 

B-1 

B-3 

B-3 



C-4 

C-2 

C-2 

8 

5 

C-5 

B-2 

B-4 




C-3 

C-1 

9 

5 

C-5 

B-2 

B-2 




C-3 

C-3 

Tir- 

b 

- 

0-4 

B-4 



C-3 

C-1 

C-1 


A Individual Error, B; Conceptual Eiror 


exists between 10th class-jurpor inter- instructional Error 





COMMON ERRORS IN WRITING AND 
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I A high percentage of errors commit¬ 
ted bif the 9th class students was clas¬ 
sified as instructional errors, mostly in 
I the areas of balancing the equations, 

I writing an equation for a reaction and 
description of an equation. A less per¬ 
centage of conceptual errors was clas¬ 
sified in the other areas than translat¬ 
ing elements and compounds to their 
symbolic forms as most of them were 
individual errors. 

Wlien,the errors committed by the 
10th class students were classified they 
committed an equal proportion of all 
I types of errors Most of the individual 
I errors committed by them were related 
to the ability of translating eiements 
I and compounds to their symbolic 
forms, Most of the instructional errors 
I have occurred in their ability to balance 
I an equation, writing an equation for a 
reaction and description of an equation. 

I Conceptual errors were classified m the 
rest of the areas like periodicity, reac- 
I tivity of reactants and elements, 

A high percentage of errors in jun¬ 
ior intermediate students was classified 
as conceptual errors in the areas of 
periodicity of elements, reactivity of el¬ 
ements and reacts, ability to balance an 
equation, writing an equation for a re¬ 
action and description of an equation. 
Individual errors were committed in the 
I areas of translating elements and com¬ 
pounds into their symbolic forms. 

Errors Committed 

The common errors identified were- 
□ They committed mistakes in recog¬ 
nizing the symbol of an element 
mostly when the ‘Latin’ symbols 
were given and similarly they found 
it difficult to write the names of the 


elements when symbols were given, 

□ They failed to recognize the groups 
of elements and periods m the pe¬ 
riodic table of elements. 

□ They committed mistakes in identi¬ 
fying the reactivity of different ele¬ 
ments. 

□ They committed mistakes in recog¬ 
nizing the formulae of compounds 
when similar formulae were given 
and failed to write the names of 
compounds of formulae when simi¬ 
lar names were given 

□ They committed mistakes in recog¬ 
nizing the reactivity of compounds 
when given m the form of a reaction 

□ They failed to recognize the reason 
for the reactivity of different ele¬ 
ments even though they recognized 
the reactivity 

□ They committed mistakes in balanc¬ 
ing the equations. They balanced 
the equations by changing the 
fomulae of reactants and products, 
They balanced the chemical equahons 
without fulfilli^§5i^he law of mass 
action/law of conservation of mass 

□ In writing the equations for reac¬ 
tions they failpd to represent the 
formulae of reactants and products 
correctly in different cases 

□ They committed mistakes in repre¬ 
senting an equation in words Tliey 
failed to write the names of reac¬ 
tants and products correctly. , 

Discussion 

This diagnostic study leads to the con- 
. elusion that the students of chemistry 
in high schools and junior intermediate 
do not possess the necessary skills^ and 
appropriate knowledge of chemistry. In 
view of the above the mistakes commit- 









Led by them, the following suggestions 
are made to improve upon the basic 
skills in students in this area- 
1, The students should be made to ac¬ 
quire a thorough knowledge of the 
periodic table, 

2 The chemical symbols and formulae 
should be taught. These are better 
learned by drilling, quiz programmes 
and other play-way methods 

3 The ‘law of conservation of mass’ 
and its importance m balancing 
equations' should be taught/as a 
concept 
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4 An analysis of the textbooks also 
showed that the students are not 
introduced to the idea of writing 
'correct equations in a systematic 
manner 

5 The modern chemical concepts of 
electronic configuration, ionization, 
electronegativity, etc . should be 
taught thoroughly 

6. The opinion of the experts indicates 
that memorization of basic informa¬ 
tion coupled with intensive practice 
develop the skill of writing and solv¬ 
ing chemical equations. 
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onsider a person going to a 
shopkeeper with the intention 

_ to buy almonds He satisfies 

iimself regarding their quality/sweet- 
ness by tasting two or three almonds 
and then asks the shopkeeper to weigh 
the required quantity for him. However, 
during the actual consumption subse¬ 
quently, he finds out a number of bit¬ 


ter almonds. Why is it so? The reason 
is quite simple that the tasting of some 
almonds does not guarantee the sweet¬ 
ness of the entire lot. 

In mathematics also, we come 
across a number of such situations 
where we can't jump to a conclusion 
even after observing a sufficient num¬ 
ber of similar cases. Let us recall that 
a number p is said to be a ‘prime’ if 
its only divisors are 1 and p Next, 
consider a^ = n^~n+41, where n>0 is an 
integer. It is easy to see that for n=0, 
1,2, .a_, IS a prime Can we conclude 

that a j is prime for all values of n"? 
Certainly not, because for n=41, our 
conclusion does not hold good, be¬ 
cause then a^^ = 41 x 41, which is not 
a prime. 

In this article, two problems of 
this nature are discussed In problem 
(1) the conclusion fails and m (2) it 
holds not from the beginning, but af¬ 
ter a certain stage 

We recall that the binomial coeffi¬ 
cient C(n,k) IS dehned for all positive 
integers n by the relation 

C(n,k) =,—TTTr: , n > k > 0, 
(n-k)! k' 


01 taken as 1 


= 0, n<k 

L* , 41 

C(4.0) =-:77; 


= «4,l)=^-yT=4, 

C(4,3I=^=4. 
C(4,4) =- 5 ^^= 1. C(4,5] = 0 
Problem (1) 

Let a = Z hi)'' C(n,k)K^ r=0,l,2,.,. 
■■ k=0 






To evaluate a^., say for n=4, we have, 

a., C(4,k) (k°=l) 

k=0 

= C(4,0)-C(4,l)+C(4.2]- 
C(4,3)+C(4,4) 

4 = 1-4+6-4+1 = 0 

a, =,£ (-D-^ C(4.k)k 
' k=0 

= 0 - C(4,l) 1 + C(4.2).2 - 
C(4,3).3 + C(4.4).4 
= -4 + 12 - 12 + 4 = 0 

a, = S (-1)’' C(4,k)k''' 

^ k=0 

= 0 - C(4,l) P + C(4.2].2^ - 
C(4,3).32 + C(4,4),42 
= -4 + 24 - 36 + 16 = 0 

a, =l (-1)^ C(4,k]k=’ 

k=0 

= 0 - C{4,1) P + C(4,2) 23 - 
C(4,3),33 + C(4.4) 43 
= -4 + 48 - 108 + 64 = 0 
These observations lead to the con¬ 
clusion that a = 0 for all values of r 

4 

But a = I (-1)'^ C(4,k)k'‘ 

’ k=0 

= 0 - C(4,l).r' + C(4,2).2‘' - 
C(4,3).3‘‘ + C(4,4).44 
= -4 + 96 - 324 + 256 = 24 0 

In fact none of a^, a^,. vanish. 

Problenr (2) 

Let a, = Z C(in.k), r,k = 0.1.2... 

^ m=r 

For the particular values, n=5, r=3, 
we have, 

5 

m=3 

= C(3,3) + C(4,3) + C(5.3) 

= 1+4+10 = 15 
= C(6,4) = C(5+1.3+l), 

a = 2 C(m,4) 

’ m=3 

= C(3.4) + C(4,4] + C(5,4) 


SCHOOL DECEMBER 
SCIENCE 19 9 7 

= 0+1+5 = 6 

= C(6,5) = C(5+1.4+l]. 

5 

a = Z C(m,5) 
m=3 

= C(3,5) + C(4,5) + C(5.5] 

= 0 + 0+1 = 1 
= C(6.6) = C(5+1.5+l) 

The pattern followed in a^, a^, a^., leads 
us to write 

a^= C{5+1, 2+1) = C(6,3) and 

a, = C(5+l, 1+1) = C(6,2) 

5 

But a„ = I C(m,2) 

^ m=3 

= C(3,2)+C(4.2)+C(5,2) 

= 3+6+10=19 C{6,3) 

5 

a, =2 C(m,l) 

' m=3 

= C(3,l) + C{4.1) + C(5.1) 

= 3+4+5 = 12 C{6,2) 

Let us now study the cause re¬ 
garding the failure of conclusion in 
these two problems. 

By using the results Irora differ¬ 
ential calculus, the following informa¬ 
tion regarding (1) is obtained 

a^ = O.r = 0,1,2,.. ,n-l 
= (-l)"n!, r = n 
= (-l)"(n+l)! n/2. r = n+1 

The proof which Is a bit difficult 
to be presented here explains clearly 
why a^ 0, even though a^^.a,. . ,a^ | 
are all zero 

Another explanation is provided by 
taking the set theoretic approach to 
this problem; 

Let A and B be two non-empty sets 
having the number of elements r and 
n, respectively A mapping F from A 
into B IS said to be onto if the range 
of F is B The number of such map¬ 
pings is 

(-1)“ I (-l)'‘C(n,k) k', (l.p23) 

k=i 



JUMPING TO THE 
CONCLUSION MAY MISLEAD 


= (-1)" I (-l)'C(n,k) k^ = (-1)" a 
k=0 '■ 

and it IS obvious that there is no onto 

mapping Irom A to B if r<n However, if 

r>n, such mappings will always exist 

For the Problem (2), we use the 

relation 

(I) C(r,r) + C(r+l,r) + ,+ C(n.r) 

= C(n+l.r+l] [2. P62-631 
n 

Now a,= I C(m,k) 

in=i 

for K=r, 

a = Z C(m.r] = C(n+l,r+l), from (1) 


= C(n+1, K+1) 


for k>r, 


k'l n 

a. = I C(m,k) + Z C(m,k] 


= Z C[m,k), C(m,k) = 0, k>m 

msk 

= C(n+1, k+l), from (1) 


for k<r, 

^ =Jf(m.k] - ZC(m,k) 
m=K tn=k 

= C(n+l,k+l)-C(r,k+l), from (1) 

Consequently, it explains the fail¬ 
ure of conclusion in Problem (2). 

The relation C(n+1, k+1) - 
C(r, k+1) holds for all values of k, as 
for k>r, C(r,k+1)=0. Therefore, it is a 
generalisation of (I), 

Alternatively, we have by using the 
formula for the suih of a geometric 
series, 

(l+x)' + (l+x)'"’' + . + (l+x)" 
(1+x)"^’ - (l+x)’ 

X 

Equating the coefficients of x'‘ on 
both sides, we have 

C(r,k) + C(r+l,k)+, •,+ C(n+l,k) 

= Coefficient of x'^^' in (l+x)"^‘-(l+x)’ 

= C(n+l,k+l) - C(r,k+1) 
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The Body Electric 

Robert Dieterich 

If exposure to electric and magnetic 
fields (EMFs) turns out to be hazardous, 
the risks will pose a public health prob¬ 
lem of unprecedented scale. People en¬ 
counter EMFs almost everywhere — un¬ 
der high-voltage lines, near common 
household wiring, on electric trains, 
even next to a coffeemaker, Everything 
with electric current running through it 
creates an electnc and a magnetic field 
To banish those fields from homes and 
workplaces would be enormously costly; 
to do so unnecessarily would be an al¬ 
most criminal waste of society’s re¬ 
sources For that reason, in the 16 
years since the first study raised the 


possibility of a link between power lines 
and childhood cancer, policy makers 
have lavished money and scientific tal¬ 
ent on research aimed at determining 
whether EMFs—particularly the ex¬ 
tremely low frequency 50- and 60-hertz 
(cycles per second) fields near high-ten¬ 
sion power lines—pose a real threat to 
health 

So far the results have been mixed 
Sclen Lists have pursued two avenues of 
investigation epidemiology, which ex¬ 
amines disease rates among exposed 
populations, and laboratory research, 
which looks for effects of EMFs in ani¬ 
mals, tissues or cells Each approach 
has run into difficulties, and the big 
health questions remain unresolved, 
But evidence and ideas have begun lo 
emerge that make a resolution of the 
issues conceivable, even if no answer is 
yet in sight 

The body of epidemiological research 
on people with higher-than-average ex¬ 
posures to electromagnetic fields—those 
who live near power lines, for example, 
or who work around electrical facili¬ 
ties—has yielded conflicting results, 
Good evidence exists that EMFs can 
double a person’s nsk for leukemia or 
a brain tumor and there are preliminary 
indications of links to more prevalent af¬ 
flictions such as breast cancer or 
Alzheimer’s disease, 

But even as studies become more 
ambitious and sophisticated, many find¬ 
ings remain confusing Consider, for 
instance, two recent studies, of utility 
workers, each of which examined can¬ 
cer rates in workers judged to have had 
the highest longterm exposure to 50- or 
60-hertz magnetic fields An investiga¬ 
tion led by Gilles Theriault of MxGill 






SCIENCE 

feature 

University in Montreal, Canada, deter¬ 
mined that, compared with a control 
group, highly exposed workers faced a 
significantly higher risk of developing 
some kinds of leukemia. Differences m 
the rates of brain tumors, however, were 
not statistically significant. The second 
study, led by David Savitz of the Uni¬ 
versity of North Carolina in Chapel Hill, 
found that highly exposed workers 
showed no increase in leukemia, com¬ 
pared with controls, but faced two and 
a half times the nsk of brain tumors. 
The discrepancies could be caused by 
subtle differences between the studies, 
though Savitz himself (whose study took 
five years and cost $5 million) argues 
that—^without more specific hypotheses 
to test—additional large, expensive 
studies like his probably would prove 
just as inconclusive. 

Meanwhile, hope and funds are 
turning to the laboratory to determine 
what biological changes, if any, might 
result from exposure to EMFs. One 
promising line of investigation involves 
the hormone melatonin, which is nor¬ 
mally secreted only in darkness by the 
pineal gland Studies in the early 1980s 
showed that EMF exposure can affect 
the pineal gland, and several studies 
since then have shown that EMFs can 
give rise to short-term effects on the 
nocturnal production of melatonin in 
laboratory animals 

Steven M Yellon, a reproductive en- 
docnnologist at Loma Linda University 
School of Medicine in California, has 
been studying how changes in daily 
light-dai'k cycles affect the production of 
melatonin in hamsters. Hamsters are 
seasonal breeders, and over the long 
term, varying the dark period to mimic 


the change of seasons can stimulate or 
stifle their reproductive behaviour, (The 
production of melatonin is lower in the 
summer than it is in the winter because 
melatonin is only produced at night) 
Two hours before turning the lights off, 
Yellon exposes some of his hamsters to 
15 minutes in a 60 hertz magnetic field 
of one gauss (a unit of magnetic flux 
density). The exposed hamsters, he 
notes, secrete less melatonin than do 
those in a control group and produce it 
for a shorter period, suggesting that 
EMFs can mimic the effects of a long 
summer day So far, however, prelimi¬ 
nary experiments suggest that over 
longer periods, EMFs do not ovemde the 
effects of shorter or longer periods of 
light 

Another line of laboratoiy studies on 
EMFs has examined one of the corner¬ 
stones of cell function, gene expression, 
the mechanism whereby genes are ac¬ 
tivated to create RNA (nbonuoleic acid) 
and proteins The field gained particu¬ 
lar notice (and some notoriety) after the 
developmental geneticists Reba 
Goodman of Columbia University and 
Ann S Henderson of Hunter College, 
both m New York City, reported in 1992 
that magnetic fields can interfere with 
the processes that regulate the growth 
of human cancer cells When they 
placed human leukemia cells in a weak, 
60-hertz magnetic field, the cells re¬ 
sponded by quadrupling the steady- 
state transcript levels of the gene c-myc, 
which plays a cntical role in tumor for¬ 
mation. 

Since Goodman and Henderson’s 
paper appeared, the U S Government 
has committed some $9 million to gene- 
expression studies in about a dozen 
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labs. Many of the investigators report 
that EMF exposure does indeed seem to 
affect gene expression. But the original 
work by Goodman and Henderson, they 
say, was Hawed. 

Jeffrey D Saffer, a molecular’ chem¬ 
ist at Battelle Pacific Northwest Laboi’a- 
tones in Washington state, says he at¬ 
tempted to replicate Goodman and 
Henderson’s c-myc findings and failed 
"It was a great disappointment", he 
says, At least two other labs have also 
been unable to repeat the work. 

Saffer and others question a num¬ 
ber of the findings of the original study, 
and Goodman now admits that the 
four-fold or greater increase she and 
Henderson reported earlier has not held 
up. But, she says, she and Henderson 
have spent a year working indepen¬ 
dently to repeat their experiments, and 
she defends her basic results She now 
maintains there is a consistent increase 
of 60 per cent in the expression of the 
c-myc gene after 20 minutes of exposure 
to a 60-hertz magnetic field "The fact 
is, there are changes in gene expres¬ 
sion", she concludes, adding that her 
critics seem to agree 

Meanwhile, at Battelle, Saffer is 
studying a line of mouse skin cells that 
have been initiated (the first step in 
carcinogenesis] but — in contrast to the 
human leukemia cells studied by 
Goodman and Henderson — have not 
been fully transformed into tumor cells 
A chemical known as tissue plasmino¬ 
gen activator (TPA), however, can push 
the initiated cells over the line into full¬ 
blown cancer. In initial experiments, 
Saffer says, it seems that one can in¬ 
crease the number of cells undergoing 
complete transformation not only by 


dosing the cells with TPA alone, but also 
by combining a "suboptimal" dose of 
TPA -with exposure to a strong magnetic 
field The effect is not striking, he says, 
and it does not give direct information 
about gene expression. But it does sug¬ 
gest that the EMF is affecting the cells. 

In the mid-1980s, Cai’l F Blackman 
of the U.S Environmental Protection 
Agency’s Health Effects Research Labo¬ 
ratory in North Carolina, examined how 
EMFs might affect the release of cal¬ 
cium by brain tissues, He removed brain 
tissue from chicks, soaked it m a solu¬ 
tion that included radioactive calcium, 
and exposed some specimens to EMFs. 
The tissue that had been exposed to 
EMFs released more calcium than did 
that of the controls, and the response 
depended on the inlensiLy and the fre¬ 
quency of the exposure Surprisingly, 
however, the response was irregular 
Instead of increasing steadily with 
stronger fields or higher frequencies, the 
calcium was released only in certain 
windows of intensity or frequency 

Those early results inspired 
Blackman to start a more ambitious 
project Working -with rat tumor cells, he 
has shown that EMFs affect the rate at 
which embryonic nerve cells grow 
neurites, or branches, when exposed to 
nerve gro-wth factor But that was only 
Blackman’s first step with the tumor 
cells: the interesting problem, he says, 
IS "exploring what really constitutes 
exposure" 

Most experiments expose cell cul¬ 
tures either to a single 60-hertz alter¬ 
nating-current (AC] field or to a few dif¬ 
ferent fields Blackman, in contrast,, has 
subjected his rat cells to a wide-rang- 
mg menu of intensities and frequencies 
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He also factors in the strength and di¬ 
rection of the Earth's direct-current (DC) 
magnetic held All those conditions to¬ 
gether determine whether an effect is 
present 

"Our image of what is happening is 
of ions in a cavity in an enzyme that is 
essential for neurite growth," he says 
The AC and DC fields in combination 
"alter the way the ion rattles around m 
that cavity, affecting the efficiency of the 
enzyme" and causing the results, he 
observes, Blackman and a colleague, 
Janie Blanchard of the Bechtel Corpo¬ 
ration in San Francisco, named the 
model "ion parametric resonance" 

If the model is accurate, it describes 
a mechanism for at least some of the 
observed biological effects of EMF expo¬ 
sure It could also explain some of the 


difficulties in reproducing EMF experi¬ 
ments It might even take a step toward 
explaining why epidemiology gives such 
inconsistent results Epidemiologists’ 
tools for assessing exposure to electro¬ 
magnetic fields are crude by any mea¬ 
sure; faced with the subtle interplay of 
AC and DC fields that Blackman pro¬ 
poses, they would be widely inadequate 
Among other EMF investigators, re¬ 
actions to the resonance model range 
from tentative to skeptical, Blackman 
himself says that he welcomes cnticism, 
in the past, he notes, champions of 
similai' models have "tried too hard" to 
defend them and have thereby lost cred¬ 
ibility But, if correct, his idea could 
iranslorm the face of research into the 
health effects of electromagnetic fields 
Courtesy , Science Update 
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Remote Sensing Satellite ' 
Launched in Orbit by PSLV-Cl 

The first ever launching of an indig¬ 
enously buiU remote sensing satellite 
from Indian soil with a satellite launch 
vehicle developed by Indian scientists 
took place on September 29, 1997. The 
event was marked with the blasting off 
of the lour-stage Polar Satellite Launch 
Vehicle (PSLV Cl) from Sriharikota 
Launching SLalion, carrying with it a 
1200 kg remote sensing satellite (IRS- 
ID) About 19 minutes after the lift off. 
PSLV placed the IRS-ID into a polar 
orbit The solar array ol the satellite 
was deployed automatically by an on 
board sequencer soon aftei it got sepa¬ 


rated from the launch vehicle IRS-ID 
is an advamced model of its predeces¬ 
sors whieh were launched by Russian 
Molniya rockets 

Self reliance in space technology by 
developing expertise required to pui up 
an indigenously built satellite in an 
earth's orbit with a launch vehiele de¬ 
veloped in the couniiy has been one ol 
the major objectives ol the space 
programme of India since its inception 
nearly thirty-five years ago Indian 
space science programme entered into 
a new era when it came a step closer 
in realizing this goal with the launch¬ 
ing ol the IRS-ID satellite With this 
achievement India loins Ihe select 
group of nations possessing capability 
to launch 1000 kg class satellites It is 
envisaged that this mission would end 
India’s dependence on other countries 
for launching IRS class ol vsatellites, 
IRS-ID has been designed to transmit 
satellite imageries with 5 6 melre reso¬ 
lution It IS expected that the satellite 
data made available by the satellite will 
further augment its use for a variety of 
purposes like sui-veymg of ground wa¬ 
ter. mineral deposits and iish culturing, 
monitoring weather, (foods, forest devel¬ 
opment and agricultural production, 
wasteland development, town planning 
and a number of other fields Besides 
it is also expected to further boost the 
demand Irom other countries for the 
satellite imageries obtained through IRS 
series of satellites. 

However, IRS-ID may have to cur¬ 
tail some of its functions because the 
satellite launch vehicle has placed it in 
an elliptical orbit with a perigee of 300 
km and an apogee of 823 km instead 
of a circular orbit of radius 817 km as 
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has been planned Preliminaiy investi¬ 
gations by the scientists at the Indian 
Space Research Organization (ISRO), 
the organization responsible for plan¬ 
ning and implementation of space 
programme iji India, have indicated 
that the reason for attaining a lower 
height than its predetermined orbit may 
be due to a snag that developed in the 
last stage of the launch vehicle which 
might have caused a leak in its fuel 
tank although the first three stages 
have performed well. Scientists, how 
ever, were confident of correcting the 
orbit size by firing thrusters on board 
the satellite utilizing part of the 84 kg 
fuel provided m the spacecraft for mi¬ 
nor correction of its orbit during its life¬ 
time It may reduce the expected life of 
the satellite 

Mars Pathfinder Inaugurates 
New Era in Space Exploration 

The Mars Pathfinder, the first space¬ 
craft to touch down on the surface of 
the planet Mars in 21 years, has al¬ 
ready begun to provide the first-ever 
chemical analysis of what the Red 
Planet is made of and indications of 
how it may have evolved 

The Pathfinder, launched in Decem¬ 
ber 1996 landed on July 4, 1997 on an 
ancient plain called Area Vallis where 
geologists believe a mighty flood once 
swept rocks down from the planet's 
highlands and slopes 

The Pathfinder's mam cargo, a 10- 
kilogram, six-wheel rovmg vehicle called 
Sojourner, rolled out after the landing 
and began several days of remotely con¬ 
trolled excursions to take close-up pic¬ 
tures of the planet's rocks and analyze 


their chemical composition It is the 
first time a roving vehicle has explored 
the surface of another planet 

The two Viking spacecrafts which 
landed on Mars in 1976 could take 
photos of the rocks, but couldn't make 
out what they were made of. The Path¬ 
finder mission is capable of analysing 
what the rocks are made of 

We have seen what Mars looks like 
from orbit and from the surface, but 
not until now have we'had an oppor¬ 
tunity to find out what the planet's 
surface stuff is made of and where the 
different minerals are located), said 
Wesson, a senior scientist at NASA. 

The Sojourner rover is equipped 
with an Alpha Proton X-ray Spectrom¬ 
eter, a device that bombards a rock with 
radiation and identifies its composition 
of chemical elements by examining how 
the subatomic particles bounce off of 
them 

The first rock to be examined by 
Sojourner, named "Barnacle Bill" by 
NASA scientists, was found to be un¬ 
expectedly Earth-hke. The spectrometer 
analysis showed the rock to contain an 
estimated 58 per cent silicates, which 
implies it IS one-third quartz — a sub¬ 
stance never before found in any exlra- 
terrestriEil object 

Scientists said that Barnacle Bill 
appears to be an andesite, a kind of 
volcanic rock named for the Andes 
Mountains where it is found, and dif¬ 
ferent from basalt, which they had ex¬ 
pected the rock to be The scientists 
added that the high levels of silicon, 
which are found in andesite, indicate 
that the crust of Mars is much like 
Earth's, with lots of quartz created by 
repeated heating, melting and crystal- 
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lizmg prftcesses occurring deep inside 
ihe planet—processes more complex 
than those detected before on Mars 
Scientists are not sure what kind of 
intenor processes are at work below the 
Martian surface, so how it manages to 
make quai'tz remains a mystery. 

"Down the line we want to be able 
to find out if life on Mars developed 
along the same lines as life on Earth," 
said Thanasis Econoraou, a designer of 
the spectrometer at the University of 
Chicago. "Before that can happen, we 
have to learn as much as we can about 
Mars and figure out what kinds of 
samples we should bring back " 

While the Pathfinder mission is not 
expected to answer life-on-Mars ques¬ 
tions, it could produce critical 
geochemical information on where to 
look for answers on future missions 
According to scientists, definitive evi¬ 
dence will prdbably come only with the 
•Tcturn of Mars rock samples. The first 
sample return, mission is planned for 
2005 

Images of the landing site sent back 
by Pathfinder have convinced scientists 
that the area was once the site of a 
massive flood that occurred eons ago 
They reported that the pattern in which 
the rocks and boulders have settled, as 
well as oiher features of the landscape, 
provide a powerful confirmation for 
such a hood 

Scientists add that the flood would 
have stretched from horizon to horizon, 
flowing for hundreds of kilometres and 
at a depth of hundreds of metres. They 
believe the flood occurred between 
1,000 million and 3,000 million years 
ago-long after the planet’s formative 
years and at a time when the tempera¬ 
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tures were loo cold for water to remain 
liquid for very long. If that’s the case, 
the flood may have resulted from some 
kind of unusual catastrophic event that 
sent water gushing back to the surface 
from beneath the thick layer of Martian 
permafrost, Scientists believe liquid wa¬ 
ter may still exist deep beneath the 
Martian surface 

Scientists believe the era when the 
planet was warm enough for liquid 
water to exist on the surface datqs back 
to 4,500 million to 3,600 million years 
ago, which is the period during which 
life might have arisen—il it did—on 
Mars, The Martian meieonte discovered 
m Antarctica and recently reported to 
contain possible signs of ancient life is 
thought to date back to that era. 

A NASA spacecraft planned for 
launch in early 1999 will cany a lander 
that will deploy probes two meters be¬ 
low the Martian surface to look for wa¬ 
ter. one of the ingredients necessary-for 
life to evolve. 

However, alihough the evidence for 
a warmer and wetter Mars in the dis¬ 
tant past IS substantial, some scientists 
still question the assumption that the 
many dry channels and canyons on the 
Martian surface were eroded by massive 
water floods Instead, they suggest the 
terrain could have been shaped by vol¬ 
canoes 

Other images being sent back by 
Pathfinder are also providing vital op¬ 
portunities to learn more about the 
planet For example, scientists hope to 
use the images of a 360-metre high 
peak in the distance to track the hazi¬ 
ness of the Mai'tian atmosphere as dust 
storms kick up in coming months. 

"If you can get an idea about the 
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Size of the dust, you can get an idea 
about density, wind patterns and how 
opaque the atmosphere is," Wessen 
said "So you're using the environment 
and how it changes almost as a diag¬ 
nostic tool for how the planet works " 
Scientists said that nearer hills con¬ 
tain geologic formations that will help 
determine how the planet evolved and 
what forces of nature were at work on 
Mars 

Courtesy : Science Update 

Fluoride Molecules 
Discovered in Interstellar 
Space 

A team of astronomers from the United 
Slates and Germany, led by the astro¬ 
physicist David Neufeld of Johns 
Hopkins, USA has discovered trace 
amounts of hydrogen fluonde gas in the 
interstellar space. The discovery has 
been made possible by using a satellite 
launched by the European Space 
Agency (EPA) This discovery adds one 
more molecule to a list of about 100 
molecules detected so far in the inter¬ 
stellar space. However, the discovery of 
hydrogen fluoride has the distinction of 
being the first molecule containing fluo¬ 
rine detected in the interstellar gas 
cloud It is also for the first time that a 
new molecule has been detepted by 
observations at the far-infrared wave¬ 
lengths 

The hydrogen fluonde molecule has 
been detected by the astronomers 
within a giant cloud of gas located near 
the centre of the Milky Way Galaxy 
These observations were made with a 
Long Wavelength Spectrometer in 


March 1997 The astronomers found 
evidence of absorption of trace amounts 
of hydrogen fluonde gas while studying 
the far infrared region of the electro¬ 
magnetic spectrum The concentration 
of hydrogen fluoride in the interstellar 
gas has been found to be one part in 
billion The gas cloud in which hydro¬ 
gen fluonde molecules have been de¬ 
tected lies in the southern constellation 
Sagittarius which is at about 20,000 
light years from the earth. This gas 
cloud IS mainly composed of hydrogen 
molecules 

Fluoride in very minute amounts is 
considered to be beneficial to human 
health and therefore the water supply 
in some countries is fiuoridated. How¬ 
ever, fluoride is considered to be a 
pollutant of water and its presence in 
excess amount in water is known to 
cause fluorosis In concentrated liquid 
form hydrogen fluoride or hydrofluoric 
acid is extremely corrosive and danger¬ 
ous chemical It is used for itching of 
glass which it can dissolve 

It IS envisaged that this discovery 
would enable the scientists to study the 
chemistry of fluoride molecules in the 
frigid conditions that prevail near 
vacuum of the interstellar space One 
of the key questions which the scien¬ 
tists will be looking to answer is how 
these molecules were formed The evi¬ 
dence collected so far suggests that the 
hydrogen fluoride detected was pro¬ 
duced by the direct with chemical re¬ 
action between fluonne atoms and hy¬ 
drogen molecules Fluorine atoms ai-e 
known to be the most reactive of all 
elements and it is, therefore, believed 
that they easily attack the relatively 
inert hydrogen molecules that are the 
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main ronslituenis of the interstellar 
space. 

Hopes Rise for Drug which 
Makes Cancer Cells Self- 
Destructive 

Scientists m Wales and Scotland, U.K , 
have announced a breakthrough dis¬ 
covery which could lead to a drug to 
cure certain types of cancer Professors 
David Wynford-Thomas and David Lane 
are developing a drug which will use the 
body’s natural defences to encourage 
cancerous cells to self-destruct 

They believe that an effective drug 
to treat cancers of the thyroid gland, 
breast and skin could be available in 
three to five years 

The breakthrough announced in 
Ondogene magazine, will bring new 
hope to the 40,000 patients diagnosed 
as sulferlng from these three cancers in 
Britain each year The professors’ hopes 
rest on a naturally-occurring anti-can- 
ccr gene, named p53, which exists in 
every cell in the human body, 

p53 IS normally inactive, but is trig¬ 
gered when DNA is damaged and in¬ 
duces ‘suicide’ in potentially cancerous 
cells Professor Wynford-Thomas and 
his team at the University of Wales 
College of Medicine m Cardiff have^dis- 
covered that the life-saving work of p53 
IS blocked in thyroid tumours by a pro¬ 
tein called mdm-2. 

Mdm-2 allows thc’cancer cells to es¬ 
cape the control of p53 and grow to 
form a life-threatening tumour 

Now the Cardiff team have found an 
curtibody which itself blocks the action 
of mdm-2 to restore the function of p53. 
They are now collaborating with 
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Prof Lane ol the Cancer Reseai’ch Cen¬ 
tre Cell Transformation Rescairh Group 
at the University of Dundee, Scotland, 
who is developing a drug to imitate the 
antibody Professor Lane was involved 
in the initial discovery of p53 18 years 
ago. 

Professor Wynford-Thomas ex¬ 
plained: "Mdm-2 is present in normal 
cells, but in tumour cells there is too 
much of it It is not a hereditaiy ‘gene 
for cancer', but something that multi¬ 
plies after the tumour appears." 

It is already known that the mdm- i 
2 can be knocked out by an antibody 
and that this then stops the cancer 
cells from growing 

The researchers in Dundee are de¬ 
veloping a drug which will imitate the 
antibody and restore the p53’s function ’ 
as a tumour suppressor 

It IS likely that the drug will not 
have any of the unpleasant side-effects 
that are part and parcel of conventional 
chemotherapy 

The hope is that it will stop the fur¬ 
ther growth of the tumour, and with 
luck kill it off altogether In the labora- 
toiy, the antibody is killing cancer cells, 

The laboratory-produced antibody- 
developed in the United States for an 
unrelated purpose—cannot be used 
medically because it has to be injected 
into each individual cell, using micro¬ 
scopically fine needles. 

Prof Lane's aim Is to create a drug 
which can penetrate cell walls and cgn 
therefore be taken orally or by conven¬ 
tional injection 

Prof Wynford-Thomas said; "We 
don’t have a drug yet, but we now know 
what to work towards We have identi¬ 
fied the key target in the cancer cell, 
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which IS an important step forward 
"Although my recent research con¬ 
centrated on thyroid cancer, we know 
that it has implications for breast can¬ 
cer and malignant melanoma patients 
as the p53 in those cancers often be¬ 
haves in the same way 

"The downside is that this' won’t 
work for all cancers Other cancers can 
evade this defence mechanism in other 
ways that may not he amenable to 
heatment in this way "'Professor Gor¬ 
don McVie, director general of the Can¬ 
cer Research Campaign, welcomed Pro¬ 
fessor Wynford-Thomas’s announce¬ 
ment 'The implications of this latest’ 
research are far-reaching as P'53 is de¬ 
fective m at least 60 pdr cent of can¬ 
cers A' ' t 

"The discoveiy of pSS^'was.an excit¬ 
ing step forward in our'hinderstanding 
of"tfie process that turns a nortn^il cell 
into a cancer cell l{'is now up’‘tp sci¬ 
entists at the cutting edge like Prdfes-. 
sors Wynford-Thomas and Lane to re¬ 
search why it is damaged and to de¬ 
velop treatments to restore its func¬ 
tion." 

1 Courtesy • Spectrum 

New Light on the Structure 
of Electron 

A group of physicists led by David 
Koltick, Professor of Physics at Purdue 
University, has suggested that an elec¬ 
tron may not be exactly what it is 
thought to be since its discovery about 
100 years ago. Measurement under¬ 
taken by the team of researchers has 
indicated that the electron may not be 
a simple negative point charge, as sci¬ 


entists often describe it to be Accord- I 
mg to David Koltick, science and engi- 
neenng students have learned for years 
that the electron has a constant elec¬ 
tronic charge but now what they have 
observed provides enough evidence that 
it IS not so. Koltick’s research shows 
ti^iat the electromagnetic force from the 
elfectron i.e its electron strength, may 
j^nprease towards its central core 
‘ The data gathered by Koltick sug¬ 
gests that the core of the electron is 
surrounded by a fuzzy "cloud" of virtual 
particles which continuously come m 
ancf',go out of existence in pairs One 
of the .particles m the pair is positively 
charged while the other is negatively 
charged The cloud surrounding the 
electron is polarized. This polarization 
dccurs because the strong negative 
' charge at the core "pushes" the nega- 
«tively charged particle in a pair slightly 
Jarther away from the core than the 
positively charged particle The polar¬ 
ization IS strongest towards the centre 
of the core. However, the polarized pairs 
essentially cancel out each other so 
that they do not "add" any net electric 
charge to the electron. But the cloud 
plays the key role in how the electro¬ 
magnetic force from the electron is per¬ 
ceived 

According to the researchers the 
cloud of virtual particles acts like a 
screen or curtain so as to shield the 
true value of the core. As one probes 
further into the cloud i e. gets closer 
and closer to the core charge, one ‘sees’ 
a gradual decrease in the shielding ef¬ 
fect while more and more of the core be¬ 
comes visible It implies that the elec¬ 
tromagnetic force from the electron as 
a whole is not a constant but rather it 
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becomes stronger and stronger as one 
goes through the cloud and gets closer 
to the core. This effect is not perceived 
because ordinarily an electron is looked 
into or studied from a relatively large 
distance and as a result one does not 
realize that the electron is being 
shielded 

Satellite that helps the Blind 
Get Around More Easily 

A navigational and orientation device, 
called MoBlC (Mobility of Blind and 
Elderly People Interacting with Comput¬ 
ers), will increase the independent mo¬ 
bility of visually disabled people travel¬ 
ling m unknown environments. 

The system, which operates in con¬ 
junction with satellites of the Global 
Positioning System (GPS), has just been 
unveiled by the University of Birming¬ 
ham (U.K.) and is set to revolutionise 
the lives of thousands of blind people 
wh,en trials have finished. The units 
could be on sale soon. 

MoBIC harnesses satellite signals to 
computer data and passes prepared 
route directions to the user by the spo¬ 
ken word The synthesised voice in¬ 
structions are fed from a back-pack to 
earphones A wnst-worn mini keyboard 
allows the user to check a position, 
destination or operate the equipment. 

The route-planning system in¬ 
volves a personal computer with syn¬ 
thetic speech output and software 
that enables blind people to explore 
the electronic map and plan the opti¬ 
mum route to their destination before 
setting out 

Satellites and ihe Global Position¬ 
ing System give the longitude and lati¬ 


tude of a user’s position to within a 
metre on the journey. The computer 
earned in the user’s back-pack converts 
this data to a position on an electronic 
map of the locality, adding details of the 
area—bus stops, shop names and 
crossing points. The result is then 
transmitted as a synthesised voice that 
gives the exact location to the user 
According to Dr Graeme Douglas, 
Research Fellow at Birmingham 
University’s School of Education—one 
of a four-person team which has been 
working on the project for several 
years—precise details about the area, 
such as shop names and landmarks 
can also be added by sighted people 
who have walked the route with blind 
people in mind. 

Courtesy . Spectrum 

Calcium and Vitamin D 
Reduce Bone Loss in Elderly 

The findings of a research study con¬ 
ducted by a team of researchers at the 
Tufts University, USA, may help older 
persons fight against osteoporosis. 
Osteoporosis is a disease which often 
afflicts older men and women The 
bones of the persons suffering from this 
disease gradually lose their strength 
and become fragile causing frequent 
fractures of bones. 

Bess Dawson-Hughes, and col¬ 
leagues of the Jean Meyer of the De¬ 
partment of Agriculture Human Nutri¬ 
tion Research Centre Aging at Tufts 
University, have reported that their re¬ 
search study has shown that supple¬ 
ments of calcium and vitamin D can 
significantly reduce bone loss and the 
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risk of fractures in older people. The 
research shows for the first time that 
these supplements can help older 
people fight osteoporosis The research 
also demonstrates that the benefits of 
these low cost and easily available 
supplement can be maintained over 
several years 

According to Dawson-Hughes older 
people can benefit from this therapy at 
essentially no risk and at low cost The 
research underscores the importance of 
calcium and vitamin D supplementation 
in helping healthy and active older 
people stay that way The study also 
reveals that the osteoporosis is not just 
a women's problem as has been be¬ 
lieved until recently. The study notes 
that older men do experience consider¬ 
able bone loss with advancing age. With 
older people living longer than ever, 
increasing the intake of calcium and vi¬ 
tamin D can be an important lifelong 
strategy for both sexes 

A combination of calcium and vita¬ 
min D was chosen by the researchers 
in keeping with the recommended doses 
of dietary requirements for these two 
nutrients. The researchers also took 
advantage of the fact that the vitamins 
influence the body in absorbing and 
utilizing calcium. It has been known 
that as the people age their capacity to 
absorb calcium and perhaps also vita¬ 
min D declines The production of vi¬ 
tamin D by the skin is known to de¬ 
crease with age This reduced ability to 
absorb calcium contributes to bone loss 
as people age and the low bone density 
is the major cause of increased hip frac¬ 
tures among elderly 

The participants of the study in¬ 
cluded a total of 389 men and women 


over 65 years They were kept in their 
normal diet for the period of study 
stretching over three years However, 
half of the study participants were given 
placebo pills having no nutntional value 
everyday before going to bed The other 
half were given two separate pills one 
containing elemental calcium and the 
other vitamin D. The bone mineral den¬ 
sity and other tests were conducted on 
all participants once in every six 
months for the^ entire period of the 
study 

The results indicated that the cal- 
cium/vitamln group lost significantly 
less total body bone and in some area 
gained bone mineral density The arrest 
in the rate of bone density was more 
pronounced m men who recorded a one 
per cent increase while a one per cent 
loss was detected amongst those kept 
on placebo pills. 

According to Dawson-Hughes, the 
supplement may be effective m main¬ 
taining the overall body skeleton in 
addition to checking the bone density 
losses The research study also showed 
that calcium/vitamin supplement were 
beneficial to bone density at the hip, 
spine and total body which progres¬ 
sively increased dunng the period of the 
study 

Galileo Visits Callisto Again 

The US spacecraft Galileo orbiting the 
Jupiter made yet another closer ap- 
prokth of the Jupiter’s moon Callisto on 
September 17, 1997 With a diameter 
of 4,800 km Callisto is the third larg¬ 
est natural satellite m the solar system 
It is the outermost of the four satellites 
of the Jupiter—other three being 
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Ganymede, lo and Europa—Galileo is 
scheduled to visit. It is the outermost 
of these .satellites and orbits beyond 
Jupiter’s main radiation belts, 

Calhsto has the lowest density 
among the four satellites which is 1 86 
g/cm'' No atmosphere has been ob¬ 
served on Calhsto, Its interior is prob¬ 
ably similar to that of Ganymede except 
the inner rocky core is smaller, and this 
core is surrounded by a large icy 
mantle. Callisto's surface is darkest 
amongst the four satellites but it twice 
as blight as our own moon 

The first close images of Calhsto 
were taken by an earlier US satellite 
Voyager 2 which went past Jupiter in 
1979 It is the most cratered object in 
the solar system. It is thought to be 
long dead world, with a nearly complete 
absence of any geological activity on its 
surface In fact, Calhsto is the only 
body greater than 1000 km in the so¬ 
lar system that has shown no signs of 
undergoing any extensive resurfacing 
since impacts have not molded its sur¬ 
face, A surface age of 4 billion years, 
Callisto has the oldest landscape in the 
solar system 

There are no mountains on Callislo, 
which is probably due the icy nature of 
the satellite's surface. The surface fea¬ 
tures are dominated by Impact craters 
and rings, and the craters are quite 
shallow There are two large "bullseye' 
structures on Calhsto, thought to be 
the result of a massive impact. The lai'g- 
est structure, Valhalla, has a bright 
patch 600 km across with rings extend¬ 
ing out to almost 3000 km The other 
ring structure, Asgard, is about 1600 
km in diameter. 

Seven impact crater chains have 


SCHOOL DECEMBER 
SCIENCE 19 9 7 


been mapped on Calhsto by the Galileo 
mission in 1996 These chains probably 
formed when fragments of a comet were 
split by Jupiier’s gravity and impacted 
on Callisto. In a similar scenano, Comet 
Shoemaker-Levy 9 split into 21 frag¬ 
ments and impacted Jupiter in 1994 U 
may be recalled that the death of the 
co-discoverer of this Comet, Eugene 
Shoemalter was reported in September 
1997 issue of this lournal 


Light Relief for Back Pain 
Sufferers 

A British orthopaedic surgeon, Mr, 
Martin Knight, founder of the chanty, 
the Spinal Foundation, demonstrates 
his new method of treating patients suf¬ 
fering from back pain. 

The new technique, called 
endoscopic laser foraminoplasty (ELF), 
which is based on keyhole and laser- 
light surgeiy, has been developed by the 
Foundation Lo deal with scarring, 
disrbulging and overgrowth of the 
joints 

Treatment for the rebel of back 
pain until now may have involved cut¬ 
ting away bone, followed by long pe¬ 
riods of physiotherapy. Rehabilitation 
can take up to 18 month,s and surgeiy 
sometimes leaves scarring around the 
sciatic neive. It can also lead Lo de¬ 
generation m the discs between the 
vertebrae 

The new treatment, which is par¬ 
ticularly effective for people whose con¬ 
ventional back treatment has failed, 
obviates the need for them Lo undergo 
further surgery 

One cause of lower back pain and 
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sciatica IS the narrowing of the hole 
through which the sciatic nerve leaves 
the spine As the hole grows smaller, 
the disc grows back-wards and the joint 
thickens to become arthntlc, 

'Keyhole' surgery allows the spine to 
be entered through a tiny incision. The 
hole through which the nerve leaves the 
spinal canal is enlarged by the laser 
which also removes old scar tissue, an¬ 
other cause of back pain. The new 
treatment brings immediate pain relief 
and hastens dramatically the patient’s 
reUirn to a normal life It is generating 
wide interest, particularly in the USA 
and Europe 

Courtesy ■ Spectrum 

Three Dimensioneil Structure 
of Gene-engineering Enzyme 
Uncovered 

A team of researchers led by Gregory 
D. Van Duyne, Assistant Professor of 
Biocheinislry and Biophysics al the 
University ol Pennsylvania Medical 
Center, USA have been able to deter¬ 
mine the molecular structure of an 
important enzyme used in genetically 
engineering models for studies of hu¬ 
man diseases 11 is envisaged that the 
new knowledge about the three di¬ 
mensional arrangement of the protein 
known as Cre recombinase, will ulti¬ 
mately lead to better designs of engi¬ 
neering models 

Cre recombinase is a type of protein 
which belongs to a family of proteins 
used by bacteriophages. Bacteriophages 
are vimses that infect bacteria i e. these 
are proteins which contain a' bacteria 
as well as a virus Phages use these 


enzymes to splice Iheir own genes m ^ 
and out of the host baclerial genome. 

It enables them to retain their own ge¬ 
netic integrity during bacterial replica¬ 
tion Scientists have been trying lor a 
long bme to find out a structural model 
of this enzyme to determine its linkages 
with the vast volumes ol data concern¬ 
ing biochemical and genetic material 
amassed by them over the last several 
years They were keen to see what one ] 
ol these recombinases looks like when 
it IS bound to dcoxyribose nucleic acid 
(DNA). Now, the researchers have not 
only been successful in binding it to its 
DNA subtrate, but have also trapped it 
alter it has completed one step on the 
recombination reaction Using special 
techniques of cutting and splicing to¬ 
gether genetic material from dilferent } 
sources, the researchers were able to I 
stop the process of recombination al an 
early step which has enabled them to 
see its three dimensional struchire 
This is for tlie first time that it had been 
possible to gel a complete three dimen¬ 
sional picture of even one step o! this 
complicated leaclion 

The Cre recombinase's splicing 
mechanism do not require any addi¬ 
tional enzymes and it can be carried all 
alone. This simplicity makes it one ol 
the most suitable amongst the proteins 
that could be used extensively in ge¬ 
netic engineering It is expected that by 
understanding the mechanism how Cre 
identifies the specific site on the DNA 
that it IS supposed to cut, the molecu¬ 
lar biologists will be able to improve 
genetic control of transgenic animal 
models In addition to the practical 
advances this detailed structural pic¬ 
ture will provide, the discovery also 
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pi ovides very strong support to the re¬ 
cently proposed new way of looking at 
how recombination occurs. 

Are Smog, Smoke and Sea 
Spray Delaying Greenhouse 
Warming? 

Some 200 scientists from Europe and 
the United States Joined forces this 
summer to investigate hov; smog, 
smoke and other "atmospheric aerosols" 
affect climate and the extent to which 
they may offset the "greenhouse" warm¬ 
ing effect 

"Atmospheric aerosols are Liny par¬ 
ticles or droplets, most of them smaller 
than one micrometer in diameter, that 
are suspended m the atmosphere," 
noted principal scientist Timothy Bates 
of the Commerce Department’s National 
Oceanic and Atmospheric 
Administration's Pacific Marine Envi¬ 
ronmental Laboratory in Seattle, Wash¬ 
ington. 

He noted that "the effect of these 
particles on radiation has been known 
for many decades, as they are respon¬ 
sible for colorful sunsets, hazes over the 
landscape and the less romantic smog 
in large cities. Only recently.have sci¬ 
entists suspected these effects might 
also influence global climate," 

Bates added that "the global distri¬ 
bution of aerosols, Lheir characteristics 
and the way they interact with solar 
radiation and clouds are all poorly 
known, which prevents both precise 
calculations of the effect of aerosols on 
climate and accurate predictions of fu¬ 
ture climate change." 

Man-made sources of atmospheric 
aerosols include smoke and fumes from 


industrial combustion, forest fires and 
automobile emissions. Natural sources 
include mineral dust, which is often 
transported over large distances, salt 
particles from sea spray, sulfur and 
other organic emissions from the ocean 
and land, and sulfur from volcanoes. 

In the 2nd Aerosol Characterization 
Experiment (ACE-2) June 16-July 25, 
1997 scientists within the International 
Global Atmospheric Chemistry Project 
equipped a ship, and coastal and 
mountain top sites in Portugal, the Ca¬ 
nary Islands and Madeira with the most 
advanced observational equipment to 
study man-made aerosols from Europe 
and natural dust aerosols from the Sa¬ 
hara Research aircraft performed dedi¬ 
cated flights to make measurements 
within these aerosol plumes and the 
surrounding clouds. The area was also 
monitored with satellites 

"The various measurements we 
make m ACE-2 can be considered parts 
of a complex puzzle, which scientists 
from around the world will piece to¬ 
gether to explain Lhe role of aerosols, 
particularly those produced by human¬ 
kind, in climate change," Bates said 

Aerosol particles primarily reflect 
sunlight and can also enhance their 
reflective properties of clouds, both of 
which result in a cooling of the Earth 
system Scientists believe that the cool¬ 
ing by aerosols may explain why the 
observed increase in the global tem¬ 
perature is lower than that calculated 
by climate models considering the 
greenhouse effect alone. 

In an earlier expenment called ACE- 
1 m late 1995, scientists made similar 
measurements over the Pacific Ocean 
south of Australia, which is the least 
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polluted area of the world and where 
the natural aerosol system could be 
studied in near-pristine conditions, 

ACE-3 is planned for the year 2000 
and will focus on rapidly increasing 
pollution sources in eastern Asia 

Courtesy ■ Science Update 

Plastic Challenges Concrete 

A new research network to explore the 
growing interest in fibre-reinforced 
polymer matenals to replace concrete in 
the construction industry has been set 
up by engineers at Warwick University, 
U K, Already such materials have 
gained acceptances in bndge and build¬ 
ing infrastructure renewals, pedestrian 
access structures, piping for offshore 
facilities and in the construction of 
chemical and petrochemical plant. 

Further developments in their use 
by the building industry are likely to 
include timber and composite combina¬ 
tions and replacing concrete for rein¬ 
forcement and permanent form-work, 
renewal and repair, prestressing and 
enclosure skins for steel structures. 


The setting up of the network will 
focus and coordinate research in uni¬ 
versities and the industrial sector on 
further developments and uses for com¬ 
posites as recommended by the UK 
government’s Construction Report and 
the Engineering and Physical Sciences 
Research Council 

Advances in the manufacturing of 
fibre reinforced plastic composites have 
combined with several developments 
outside the industry to make use of this 
type of material more attractive. Among 
building industry requirements are 
materials that have excellent corrosion 
resistance and are light weight; the 
need to be able to cost structures over 
their whole life rather than at the point 
of construction, and the reduced de¬ 
mand for Araraid and carbon fibres in 
the high-priced defence sector which 
has led to the greater exploitation of 
polymer materials. Designs of struc¬ 
tures using composites have also im¬ 
proved and show that technical effi¬ 
ciency can be achieved within competi¬ 
tive constraints 

Courtesy: Spectoum 
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toaolnn.^ lor Lhroo yoars m oolloiJos 
allihatod Lo Iho Korala Univorriily and Iho 
Myaoro UmvorMly, rospi'olivoly. ho joiuod 
Iho Indian Insldulo ol Toolinoloify, 
Khai aifpiir lo ])iirhuo a oarot'r lu rosoan'ii 
Ulor. ho moved lo Iho Coiilral,Road 
Rosoaroh Inslilulo Now Dollii and’imally 
in 19G8 lo llio I'lihlio.ihon and Inlonnalion 
Diiooloralo, CSIR Iroin whoio ho rohrod 
allor oomidohnil a disLin,i:>iiishod sorvioo ol 
over 2C yimrs 

.Soil siiokim and luild inaiinoiod Shu 
' Sliaiikar oslablishod hiiiisoll as an t'\])orl 
in Iho hold ol soioiiliho and loolinioal 
wi 1 ( 111 ,muid odilinn, llo t'onInbiiU'cl alaroe 
nunihor ol rosoaroh papers, arholcs on a 
variety ol soioiioo and Leohnoloay rolaled 
topics apart iVoiii odilin.tfsoionoo |oiirnaLs, 
poriodioaLs and nowslollois As a monibor 
ol Iho Ediloiial Advisoiy Board ol llio 
(liiarlorly School Sacncr. Shn Shankar 
made many valuable sii,i*,iios|ions loi 
liirlhoi iiiiprovomonl ol Iho loiiriial llis 
pOwSiLivo alliludc' Inwards work and 
ros[)onsihilihos had won him many Irionds 
'I'ho lamily olSo/iooiS'c’ioiioodooiily iiioiinis 
Iho sad domi.so ol Skin Shankar In his 
(loath a valuahk' Inoiid and woll-wishor ol 
Ihojburiiid has boon losi May his .soul losi 
111 pi'aoo 






GANDHIJI’S TALISMAN 


“I will give you a talisman.Whenever 
you are in doubt or when the self 
becomes too much with you, apply 
the following test : 


Recall the face of the poorest and 
the weakest man whom you may 
have seen and ask yourself if the 
step you contemplate is going to be 
of any use to him. Will he gain 
anything by it ? Will it restore him 
to a control over his own life and 
destiny ? In other words,will it lead 
to Swaraj for the hungry and 
spiritually starving millions? 




Then you will find your doubts and 
your self melting away.” 















SCIENCE RELATED VALUES 


Curiosity, quest tor knowledge, objectivity, honesi^ and 
truthfulness, courage to question, systematic reasoning, 
acceptance after proof/verification, open-mindedness, 
search for perfection and team spirit are some of the basic 
values related to science. The processes of science, which 
help in searching the truth about nature and its 
phenomena are charaaerised by these values. Science 
aims at explaining things and events. Therefore to learn 
and practise science ; 

* Be inquisitive about things and events around you. 

* Have the courage to question beliefs and practices* 

■* Ask Vhat^ 'how' and 'why' and find your answers 
by critically observing, experimenting, consulting, 
discussing and reasoning. 

* Record honestly your observations and experi- 
mental results in your laboratory or outside it. 

* Repeat experiments carefully and systematically if 
required, but do not manipulate your results under 
any circumstance. 

* Be guided by facts, reasons and logic. Do not be 
biased in one way or the other. 

* Aspire to make new discoveries and inventions by 
sustained and dedicated work. 
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